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END RESULT. 
the end result of a great deal of electrical and electronic 
circuitry. 


4 mechanical motion or a force is often 


A radio receiver circuit, for instance, moves 
the cone of a loudspeaker. Many indicating or recording 
instruments move a pen or a pointer or a vane. Some 
circuits produce motion in relays or solenoids. Ultrasonics 
requires mechanical motion to transfer energy from the 
power generating circuit to a solid, liquid or gaseous 
body. These motions are produced by various types of 
electro-mechanical transducers. Unique among transducer 
materials are those that change their physical dimensions 
under the stress of a magnetic field or an electric field. 
They are known as magnetostrictive, piezoelectric and 
electrostrictive materials. Their properties are reviewed 
by L. S. Peterman in an article beginning on page 99. 
Several unusual configurations of transducer elements for 
increasing the effective motion are described. 


MAGNETIC AMPLIFIERS. After the transition from its 
simplest form to an accurate device of good response, the 
magnetic amplifier regulator is a “many windinged thing” 
(This is a humorous play on the words “love is a many 
splendored thing” now popular in movie and song). 
While just two windings (control and load) are men- 
tioned in fundamental discussions, the design engineer 
studying practical circuits finds a multitude. Here are 
some typical windings he may see: pattern, control. anti- 
hunt, self-energizing, load. feedback, damping and bias. 
Actually, it is the facility with which such windings are 
designed into the magnetic amplifier that makes it such 
an important contribution to the field of regulation. Part 
II of the article, “Magnetic Amplifiers in Industrial Con- 
trol Systems” (page 104) defines and explains each type 
of winding and shows its use in specific applications. 


COMPONENT EVALUATION, § Electronic components 
have been chosen or rejected for a great variety of rea- 
sons, among them such factors as: “I know the sales- 
man”, the wife’s brother-in-law makes them. somebody 
made a deal, and the color of the finish. Seriously. com- 
ponent evaluation and selection in our present stage of 
development is often a complex problem involving many 
compromises. We will probably never eliminate com- 
pletely estimates based on personal familiarity, but the 
more we can objectively assign numerical values to the 
important attributes or characteristics of the components, 


6 


the more likely we are to reach a satisfactory answer. 
James J. Lamb describes. on page 111. a system of com- 
ponent evaluation that bears looking into. He calls it 
the RACER system because of the attributes of Reliability. 
Availability. Compatibility, Economy and 


Reprodue- 


ibility. 


D-C MOTOR STANDARDS. “Standards” agencies are 
forever parrying the thrusts of the Unfriendly, who look 
upon standardization as a threat to progress. Once, say 
the latter, a group agrees upon a course of design, all 
changes stop and the quo remains status from then on. 
The standards people have learned to live with this Un- 
friendliness—and with a type of Friendliness that is 
known, but more troublesome. 
The Friendly reached the peak of unkindliness in the 
recent case of the a-c motor frame revisions by NEMA. 
They clamored (and some are still shouting) that the old 


lesser sometimes even 


was good enough—that the new frames would confound 
the design engineering development of motor operated 
machines. But progress in standards will continue to the 
relief of the Unfriendly and to the chagrin of the Friendly. 
The proof is on page 116, heralding the coming of d-c 
motors and generators that will have a new look. 


BALL BEARINGS FOR MOTORS. One of the little known 
facts about Leonardo da Vinci, that famous engineering 
genius of the Renaissance. is that modern anti-frictior 
bearings were invented and developed by him somewhere 
around 1500 A.D. Leonardo’s writings distinguished be- 
tween sliding and rolling friction, and emphasized the 
importance of polished surfaces. Ball bearings have come 
a long. long way since, but surprisingly enough some of 
the basic problems still remain with us. The never-ending 
demand for quiet, trouble-free performance under adverse 
environments create a constant challenge for both the 
hearing designer and application engineer. To obtain 
a better perspective as to just what these problems are. and 
how they can best be met, the New Departure Division 
of General Motors Corporation invited motor designers 
and engineers to its Electric Motor Ball Bearing Confer- 
ence at Hartford, Conn. As expected, most of the ques- 
tions were centered around bearing noise and_ lubri- 
cation (in either order). A complete description of these, 
and related problems. can be found in our summary staff 
report. page 143. 
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DEDICATED DIELECTRICS. 


The 
you ve just specified to solve a particularly ticklish design 
problem represents the culmination of the joint work of 
organic and inorganic chemists, physicists, engineers and 


electrical insulation 


Some 200 to 300 of these 
specialists, running the gamut from basic research to 
field application, meet annually in the Conference on 
Electrical Insulation. National 
National Council. 


cross-fertilize ideas. engage in scientific and engineering 


specialists in related fields. 


Academy of Sciences 
Research Here they exchange and 
controversy, present the latest “work-in-progress” reports. 
What these men. dedicated to the field of electrical insula- 
tion and dielectrics. are doing and thinking today and 
planning for tomorrow is reviewed in design engineering 
terms in the lead article. beginning on page 90. 

\s you have gathered already. the cover this 


' may 
month likewise reflects the theme of research in dielectrics. 


APPLYING PUNCHED CARDS. As marketing managers 
of electric-clock manufacturers well know. man is eter- 
nally fascinated by time and its indicators. “Put a clock 
on it and it will sell” is pretty sound philosophy. For 
proof, ask any designer who has used a 3-dollar clock to 
gild a 50-dollar table radio or a 200-dollar range. Time in- 
trigues the control engineer. too. for he uses it as the 
basis for most (i.e.. in unit volume) automatic machine 
eycles. We could predict. therefore. wide interest in the 
But. 
just to make doubly sure. we’ve thrown in a goodly supply 
of punched cards. To learn about the wedding of syn- 
chronous timers and punched cards. read “Applying 
Punched Cards to Time-Based Programming.” 


article on page 121 from its timer aspects alone. 


HERMETIC SEALS. When is a hermetic seal not a her- 
metic seal? When it leaks a little? Or a lot? Hermetic 
seals for electronic enclosures have been with us for quite 
a few years now, but until recently few if any organiza- 
tion had instruments for measuring leakage accurately. 
So who could tell how much a seal leaked. much less draw 
a satisfactory line between good and bad seals. Engin- 
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eers at Wright Air Development Center had, for reasons 
that should be obvious. perhaps a greater interest than 
most of us in exact knowledge about seals and seal leak- 
age. They contracted for the study of seal leakage and 
the development of suitable instrumentation for measur- 
ing seal leakage rates. The result is an instrument, ac- 
tually two instruments, capable of measuring leakage 
rates over the range from less than 1 ce of air per year 
to 3,000,000 ce per year. To learn more turn to the 
article by D. C. Bedwell and E. A. Meyer beginning on 
page 127. 


STEP MOTOR-CONTROL SYSTEM. The Machine 
Tool Show revealed a number of machine programming 
controls taking data from punched tape or cards. Not at 
the show. but an added starter, is a digital computer type 
control which originated in the South. It depends for 
its accuracy on the use of a multi-pole step motor operat- 
ing on a pure magnetic principle which is pulsed to move 
one or any given number of pole spaces at a time—and 
no more. The degree of accuracy obtained in a machine 
tool control depends upon number of poles and gear or 
feedscrew ratios. See page 152. 


DIGITAL COMPUTER MATH. Lp until recently we 
would not have considered the publication of an article 
dealing with the mathematical theory of electronic com- 
puters. digital or analog. Too few engineers—we thought 
were concerned with their design. But now we are 
seeing computer techniques being applied to the control 
of industrial machinery and that fact broadens the reader 
hase considerably. Command data to guide the machine 
cycles are punched into cards or tape from engineering 
drawings. Thereafter the problem is to provide electrical 
signals to program the machine. To spell out a dimension 
like 285.6 electrically would take that number of pulses 
or components in direct code, 40 elements in a decimal 
code, but only 10 wires and components would be needed 
if a binary code was used. A binary digital system has 
only two digits. 0 and 1, and is a “natural” for electronic 
systems using diodes or magnetic decision or logical ele- 
ments which have only two states. To explain the mathe- 
matical theory to one schooled in decimals (most of us) 
is much more complex. R. G. Nye does it, beginning on 
page 134. with an assist from Dr. H. D. Huskey and J. F. 
Sodaro. all from the electronic-minded West Coast. 


NEMA ANNUAL MEETING. Most trade 


activity takes place in committees who generally meet 


association 


privately. Their cogitations are never reported but results 
of their efforts ultimately may appear as industry stand- 
ards. The National Electrical Manufacturers Association 
has been carrying on this way for years. Last month at the 
Atlantic City, 
things were different. Top executives in manufacturing 


29th annual meeting. held as usual in 


companies discussed industry trends in open meeting and 
their remarks were broadcast by the wire news services. 
Chairman of important committees dealing with public 
safety discussed past performance and future plans. We 
have opened up our pages (149) to summarize their re- 
marks so that our readers may have a peek too. 
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Research 
Ahead 


What 


sulating materials are needed during 


new or improved electrical in 
the next 10 years to solve the problems 
that are to be elec- 
trical 
“Insulation 


encountered by 
manufacturers? <A 

Materials Study 
has been set up by General 


long-range 
Project” 
Electric 
Company's Chemical Development De- 
partment to. try 


and provide the 


answers. First step will be to fix param- 


eters for specific research and develop- 
ment efforts. On the horizon, of course, 
the company sees new and continuously 
expanding opportunities in the dynamic 
insulation field. 

Heading up the project as its man- 
ager is Dr. James Marsden, formerly 
manager of operations at the Knolls 
Atomic Power Laboratory. In his ear- 
lier years at G-E he pioneered in sili- 
cone research, particularly in develop- 
ment of 


large-volume manufacturing 


processes, 
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Research via Sales Development. Du Pont’s new sales development and 
technical service laboratory in Wilmington, Delaware, gets into some 
practical research work as a means for solving application problems for 
company materials. Here, a lab technician is shown removing a specimen 
of Mylar polyester film from a capacitor which has just been subjected to 


a high-voltage test. 
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Fiber Metal 
Materials 


Metal parts and metal composites of 
novel characteristics can be produced 
by the use of metal fibers as a_ bulk 
starting material. A metallurgy 
technique perfected at the Armour Re- 
Laboratory 


new 
search is responsible for 
this development. Outstanding among 
the properties of the fiber-metallurgy 
products is their high stiffmess-to-mass 
ratio, 

The fiber metal bodies are adaptable 
to felting 
Fourdrinier 
Felted materials may be sintered, coined 


processes similar to the 


paper - making process. 
or impregnated. It is also possible to 
press these materials so as to achieve 
a higher density. Strength and ductility 
can be improved by the addition of a 
lower-melting-point material 
ARL tests 


metallurgy 


brazing 
and suitable heat treatment. 
indicate that fiber 
significantly 


parts 
show higher tensile and 
impact strengths compared to powder 
metallurgy parts. 

Applications are still in the experi- 
mental stage. Fiber metallurgy parts 
are suggested as “skeletons” to add 
supporting strength to other materials. 
In reinforced plastics laminates. they 
may be incorporated to increase resis- 
tance to deformation. Another sugges- 
tion is to use fiber metal-plastics com- 
bearings where 


posite materials for 


special alignment problems are en- 


countered. 


integrally Colored 
Polyester Film 


Dyed Mylar polyester film for coding 
wire insulation may soon be available 
on a commercial basis. By means of a 
method developed by Julius Hermes, 
president of the Martin Processing 
Company. Martinsville, Va., it is possi- 
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Points of high vibration are critical! Connectors having plastic or other non-resilient 
inserts will not take the beating of high vibration. Resilient inserts of polychloroprene 
or Cannon’s exclusive Silcan ... the kind used in Cannon high-quality Vibration Proof 
AN Series Connectors... are the answer. 


' You'll find new connector components, telescoping rubber bushings, strong 
AN3057A clamps, means for safety wiring, new grounding lugs, grommets, ferrules .. . holding to- 
gether vital circuits under the most extreme conditions, providing moisture proofing, permitting 
increased voltage ratings. And...there is a Cannon Vibration Proof connector for your every 
application. Not just one, but several...CA-AF, CA-F, AN-M, AN-E. Also, specials built for potting 
which resist vibration... 


Write for new AN10 Edition Bulletin for Vibration Proof connectors in the AN and Associated 
Series — 144 pages. 
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CANNON ELECTRIC COMPANY 
3209 Humboldt Street, Los Angeles 31, Calif. 


Factories in Los Angeles, East Haven, Toronto, London, Melbourne. Licensees in Paris, Tokyo. Representatives and distributors in all principal cities. 
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ble to dye Mylar film in a wide range 
of colors, from pastels to black. It is 
also possible to add a fine embossed 
texture to the surface of the film, a 
protection against film slippage during 
wire serving. 

The dyed film is said to be lightfast; 
satisfactory tests are reported on the 
basis of 80 hr exposure. Colors resist 
scuffing and abrasion since they are 
dyed in by an integral continous dyeing 
method. The film is 
heat-stable. 

Use of 
insulation 


dicated 


also said to be 


dyed Mylar as coded wire 
is only one of several in- 
applications; others are pri- 
marily in decorative fields. Sample lots 
available from _ pilot-plant 
production. Mylar is a*Du Pont prod- 
uct. Appropriately enough, the Hermes 
process utilizes specially developed Du 
Pont dyes. 


are now 


Lab-Size 
Reactor 
Neat piece of instrumentation design 


is Leeds and Northrup’s Nuclear Re- 
actor Simulator Assembly. It’s a 2-ft 
model of a_ reactor 
suitably mounted on a bench and fur- 
nished with a full-size control panel. 
The simulator unit on the control panel 
is fully equipped with everything from 
signal 


high scale core 


lights to an analog computer. 
Included are a servo amplifier, logo- 
rithmic amplifier. and power supply. 
In the scale model itself, the simulated 
reactor rods are driven by appropriate 
mechanisms. 

The L&N Nuclear Reactor Simulator 
has been designed to sell at $11,000 to 
$17.000. thus providing at reasonably 
modest cost an 


effective means for 


teaching nuclear reactor theory and 


training reactor operating personnel. 
Several types of thermal reactors can 


be simulated. 


Vinyl-Clad 
Magnesium 


Magnesium bonded to vinyl sheeting is 
now being investigated for many appli- 
cations where the combined properties 
of the two materials can fill design 
requirements such as light weight. pro- 
tection against abrasion, and resistance 
to high temperatures, chemicals. and 
high humidity. Since rigid or semirigid 
vinyl sheetings are used in such lami- 
nates, none of the inherent properties of 
vinyl is impaired by presence of plas- 
ticizers. Applications are seen in hous- 
ings or parts in business machines and 
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instruments, also in airborne electronic 
equipment, guided missiles. radar. 


Magnesium surfaces may normally 
lack sufficient appearance appeal. as 


compared to stainless steel or alumi- 
num. The vinyl cladding can add a 
decorative touch that may overcome this 
objection. 
Vinyl-steel 
been 


laminates have 


already 
used in a number 


of product areas, as in T\ 


successfully 
cabinets, 
(EM 


12-54/115) Some of the design possi- 


also business machine housings. 


bilities in these materials were recently 
discussed in a paper on the Marvibond 
process of lamination by Willard de C. 
Crater. Naugatuck Chemical Division. 
U.S. Rubber Company. before the an- 
nual convention of the Magnesium As- 
New York. 


sociation. in 


Magnetron for 
Mobile Radar 


An 8-0z. continuous-wave. self-contained 
miniature component 
for small mobile radar sets has been 
developed by the 


magnetron. key 


Tubes 
Branch, Evans Signal Laboratory. Sig- 
nal Corps 


Microwave 
Engineering Laboratories. 
Described as the world’s 
its kind. this tube is 
greater in 


smallest of 
rated 50 times 
power than the klystron it 
was designed to replace. Considerably 
less filament battery power is needed. 
It is able to transmit frequencies about 
100 times higher than those used in 
commercial FM broadcasting. Designed 
for extreme ruggedness. the tube re- 
sembles a standard-type receiving tube 
in appearance. Plate supply voltage is 
100 to 500 volts: heater supply. 6 volts. 
\ diversity of metals. each to meet 
special property requirements. goes in 
to the precision-made parts. including 
gold, silver. iron. aluminum. lead. co- 
balt, tantalum copper. nickel. molvbde- 
num, tungsten. tin and barium. The tube 
has been produced to SCEL laboratory 
specifications by Microwave Associates. 
Inc.. Boston. 
contract. 


under a Signal Corps 

Commercial possibilities are seen in 
radar speed control systems and mobile 
radar devices. 


Cutting Tool Materials 
Influence Machine Tool Design 


Cutting tool materials have always had 
a direct influence on the design of 
machine tools. Maximum speeds and 
feeds are definitely limited by what the 
cutting tool will 
nounced 


stand. 
experimental cemented-oxide 
material developed by General Electric’s 


Recently an- 


Carboloy Department again illustrates 
this relationship. The new material (un- 
veiled at Chicago Machine Tool Shop) 
exhibits optimum operation at speeds of 
1000 ft per min and over. This com- 





pares to standard carbides that rate 
150 to 200 fpm. With the ney 
high-speed material. most of the heat 
is transferred to the chip and coolant 


is generally 


trom 


unnecessary. 
AISI 1045 steel were 
made at speeds from 1800 to 2000 fpm. 
At the show itself speeds of 2500 fpm 


Laboratory 
finishing cuts on 


were used on new high-speed machines 
with good results. 

The real big step forward in machine 
tool design may be not so much in 
automation techniques. as in the use 
of higher speeds and 


(EM 11-55/113) 


horsepowers, 


Rectifier 

Locomotive 

The 76-year span in railroad electrifica- 
tion that started with Siemens electric 
1879 is marked 


this year by the development of a new 


railway in Berlin in 
3300-hp rectifier locomotive. Twelve of 
built by 
Locomotive and Car 


units will be 
Electric’s 
ment 


these General 
E.quip- 
Erie. Pa.. for the 
Virginian Railway Company for a 134- 
mile mountainous — stretch — between 
Roanoke, Va. and Mullens. W. Va. 
Each locomotive will use a panto- 
graph trolley to collect the 11,000-volt. 
25-cycle, single-phase current from over- 
head lines. From the trolley, the cur- 
rent will flow to a 


Department, 


transformer. and 
then will be fed into 12 rectifier tubes. 
Each 


will be carried on two 


locomotive (weighing 197 tons) 
3-axle trucks. 
with each powered by a standard GE- 
752 d-c traction motor. Continuing re- 
search and development in this recti- 
fier-type of electric locomotive is seen 
by G-E as an important factor in the 
expanding electrification of railroad. 


Ants in the 
tan 6 


What with ionic bombardment. surtace 
contamination. silver migration, gamma 
radiation degradation. breakdown me- 
chanisms of one kind or another. your 
electrical insulation expert has his har- 
ried moments of quiet desperation. 
And now we hear that in Los Angeles 
(and where else?) sudden failures of 
trafic signals have been traced to short 
circuits caused by armies of red ants 
crunching away at the wire insulation 
in the control boxes. By some quirk of 
gourmet selection, the ants have shied 
from rubber-insulated wire and 
have been feasting off polyvinyl chlo- 
ride... 


away 


At the last report. no correla- 
tion has been established between the 
dielectric properties of these materials 
and the taste buds of the ants. 

Problem is being solved very neatly 
and non-electrically by  poison—for 
the ants. 


—A. E. J. 
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Problem Engineering 


DESIGN ENGINEERING is essentially problem en- 
gineering. To conceive, design and develop a 
machine, an appliance, an instrument or a 
device of any kind is to apply a concentration 
of scientific, engineering and_ technological 
information to the solution of a specific body 
of problems. These problems do not fall into 
a facile pattern. They are created by an inter- 
action between design parameters and ma- 
terials, components, subassemblies, as well as 
production techniques. Such parameters in- 
clude the use of color, appearance styling, 
also the psychology, physiology and mechanics 
of human engineering. 

Moreover, individual problems are in con- 
flict with each other. The problem of electrical 
insulation may be in opposition to the prob- 
lem of thermal dissipation; the problem of 
light weight to that of structural strength. 
These are simple examples; much more com- 
plex variants are encountered. 

Contemporary design engineering must of 
necessity seek, find, and apply design data 
that has had viable origin in a first-hand, 
grass-roots study of design problems. Depend- 
ence on handbook or catalog data is certainly 
outmoded. In nonmetallic materials, for ex- 
ample, there is no such thing as precise cor- 
relation between property data derived from 
standard test samples and performance data 
obtained on the same materials when sub- 
jected to use-equipment tests. With the in- 
creasing development of “indivisible” ma- 
terials (composites of metals and nonmetals 
in various configurations and combinations) 
handbook data on metals also need realistic 
reappraisal in terms of actual design problems. 
there 
should be no other kind—needs dynamic de- 
sign data. Such data must find their roots in 
three sources: (1) Fundamental research; 
(2) engineering studies in applied materials, 


Dynamic design engineering—and 


components, and related processes; (3) field 
and laboratory analysis of product design 
problems. The last point should include design 
failures no less than original design param- 
eters. 

Those engaged in today’s function of de- 
sign engineering cannot wait for vital design 
data to percolate down to them through com- 
mercial sources. They must anticipate such 
sources. If need be, they should prod manu- 
facturers for such data. Progress in design 
materials and design data is far too rapid, too 
varied, and too rewarding to permit a passive 
attitude. 

In fact, design engineering must lead and 
challenge commercial practice. This has been 
true of the defense agencies. And to them is 
due much credit for the development by in- 
dustry of many new materials, components, 
and processes. Producers of basic materials 
and manufacturers of components can be of 
enormous help if they will release from their 
files data on specific design problems en- 
countered by their field application staff. 
Imagine what a startlingly effective gesture it 
would be for a manufacturer of, say dielectric 
materials, to publish a technical bulletin deal- 
ing solely with their limitations; to summa- 
rize some typical application problems; and 
to indicate how it is possible to design around 
such limitations! 

In our editorial approach we here on ELEc- 
TRICAL MANUFACTURING endeavor to prod 
deeply into the problems inherent in the selec- 
tion and application of materials, components, 
and related processes and techniques. We re- 
flect not only accomplished studies and eval- 
uations but also work in progress, both on 
the fundamental and research levels. For de- 
sign engineering is problem engineering not 
only for today’s design job, but also for 
tomorrow’ s. 
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Ninth Consecutive Annual 


First-Hand Review of the 


Sseeneee€ 


Conference on Electric- 


ee 


. al National 


Research Progress 3 
in Dielectrics—1955 


Insulation, 
Academy of Sciences-Na- 


tional Research Council. 


¥ 
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Your design problem is more often than not a problem in the performance of electrical! in- 
sulation. In varying degree, this statement applies to the entire spectrum of electrically ener- 
gized products. This report interprets results as derived both from fundamental research and 
engineering studies. No matter what type of product you design, these data and ideas have a 
meaning for you, to help solve an immediate problem, or to stimulate a long-range develop- 
ment. Highlights include measurement of corona effect: surface failure of solid insulators; 


basic physical tests on silicones: a new ferroelectric: breakdown studies in gases and liquids. 





ALEX. E. JAVITZ 
Special Features Editor 


EMPHASIS IN THE 24th Annual Meeting of the Conference 
on Electrical Insulation of the National Academy of 
Sciences-National Research Council, held at Pocono 
Manor, Pa., October 17, 18 and 19 (1)* was on break- 
down and deterioration studies and on test instruments 
and techniques. As in the preceding two or three annual 
meetings, there were only a few papers that dealt specifi- 
cally with new classes of materials. Of these, one dealt 
with the development of arc-resistant organic insulation 
and another with a new ferroelectric—guanidine alumi- 
num sulfate hexahydrate. 

Many informal discussions pointed up the need for a 
correlation between the objectives of fundamental and 
engineering studies. No pin-pointed answer seemed forth- 
coming. But a two-way approach seemed both logical 
and necessary. Data derived from fundamental research 
need translation into a work-a-day design meaning; the 
results of engineering studies should be fed back to 
fundamental research as a sort of a continuous monitor- 
ing signal. It was mentioned frequently that in this area 
of mutual translation the design engineering publications 
play a vital role. 

This need is also becoming recognized (even through 
belatedly) in research programs and committee. projects 
under sponsorship of various professional and trade asso- 


*Italic numerals in parentheses apply to Cited References at end of anticle. 
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ciations. The AIEE has just now organized a full Com- 
mittee on Dielectrics whose function and purpose is 
detailed here separately. 

Requirements for corona test specifications were dis- 
cussed by C. W. Ross, James G. Biddle Company. Such 
specifications have following short-range objectives: 

l. A realistic test procedure for differentiating rela- 

tively among electrical insulating materials with regard 

to their ability to resist the direct action and byproducts 
of corona. 

2. Standard corona measuring and calibrating circuits 

and a definition of the quantities that may be measured 

with such equipment. 

3. Test procedure and measurements that would indi- 

cate the severity of corona in electrical components and 

equipment and that would relate corona to life tests. 

Factors that affect the rate of deterioration and the time 
of breakdown in service should be considered in setting up 
realistic standards. These factors were cited: 

1. Ratio of the applied voltage to the corona starting 

voltage. 

2. Frequency and waveform of the applied voltage. 

3. Magnitude and energy of corona discharges. 

4. Resistance of the material to erosion and breakdown 

caused by the direct action of corona and to chemical 

attack due to the byproducts of corona. 

5. Electrical and chemical characteristics of the sur- 

rounding medium. 

It was noted by Mr. Ross that the test specifications 
should be sufficiently complete to cover all variables. 


Included would be these: 
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1. Shape, area and material of the test electrodes. 

2. Nature of the surrounding medium; that is, liquid 

insulator, air or other gases. 

3. Temperature and pressure. 

4. Presence of moisture and other contaminants. 

The degree to which certain of these factors can affect 
the rate of deterioration, he emphasized, is dependent 
on the dielectric used and the mechanism that in most 
probability finally caused deterioration or final failure. 
Effective mechanisms may be erosion, carbonization, 
thermal effects or chemical effects. Accelerated tests should 
be realistic enough to the extent that the mechanism of 
degradation should be equivalent to that expected in 
actual service. 

In his paper, Mr. Ross outlined the general approach 
taken by various appropriate committees to establish 
standard corona measurements. He referred particularly 
to the unifying work being done by the ASTM and the 
International (IEC). Of 
particular interest is the corona resistance test suggested 
by the French delegation to the IEC. The proposed test 
cell consists of upper and lower glass plates, cut from 


Electrotechnical Commission 


photographic plates. These plates are separated by glass 
strips and have a metallized area, for example, aluminum 
foil. The cell may be assembled with a silicone adhesive. 
Several cells may be connected in parallel. Testing samples 
are limited to thicknesses of 0.3 to 0.4 mm. Corona energy 
is thus practically independent of the sample and is deter- 
mined essentially by the applied voltage and geometry of 
the test cell. 

Test procedure calls for four samples cut from the same 
sheet. The first sample, placed in the metallized area of the 
test cell, is subjected to the direct action and the by- 
products of corona discharges. The second sample, placed 
outside the metallized area, is subjected to the byproducts 
of corona. A reference sample is subjected to the same 
conditions of temperature, humidity, gas, etc., as the first 
two samples but not to corona. Another reference sample 
is preserved at ambient conditions. 

In a specific approach to investigation of corona dis- 
charges, D. Berg and T. W. Dakin, Westinghouse Re- 
search Laboratories, described the application of a photo- 
tube detector. This method has been designed to eliminate 
the disadvantage inherent in the electrical method for 
determining corona effects. The multiplier phototube, 
since it is in a circuit electrically independent from the 
corona circuit, and since it can be more easily shielded, 
is less susceptible to extraneous interference. It has how- 
ever certain disadvantages: It can only be used to detect 
corona where light emitted is not hidden; and the corona 
gap and the phototube must be used in a dark space. 

Investigation reported in this paper covered the appli- 
cation of this technique to comparing corona on a-c and 
d-c voltages in air up to voltages of gap breakdown and 
in a variety of dielectric situations. 

The phototube method was used to observe impulse 
corona, employing a point-to-plane electrode configura- 
tion. The 11% x 40 microsec wave triggers the oscilliscope 
sweep. Phototube output is displayed on the same scale 
as the impulse voltage wave. Thus not only is corona 
detected, but also the time at which it occurs can be 
measured. 

Application of this method to detection of d-c and a-c 
corona was also studied. The a-c sine wave sweep can be 
used to indicate the portion of the cycle at which corona 
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AIEE Committee on Dielectrics 


IN A PAPER PREPARED BY L. J. Berberich, Westinghouse Elec- 
tric Corporation, and read by K. N. Mathes, General Elec- 
tric Company, the aims and objectives of the newly formed 
AIEE Committee on Dielectrics were presented to the Con- 
ference on Electrical Insulation on October 18. The officers 
of this committee are Mr. Berberich, chairman, Mr. Mathes, 
vice chairman, and E. L. Brancato, Naval Research Labora- 
tory, secretary. 

Principal purpose of the Committee will be to serve the 
design and development engineers who must apply both 
theory and application data to practice. The scope will in- 
clude the treatment of all phases of the dielectrics field 
including solids, liquids, and gases, as well as the mechanism 
of deterioration of dielectrics in general and _ particularly 
those caused by heat and corona. One of the major func- 
tions of the Committee will be the development of informa- 
tion and standard test procedures for the thermal evaluation 
of insulating materials. A number of test procedures are 
under development and one on the thermal evaluation of 
enamelled wire is now being printed by the AIEE. 

The five subcommittees constituting the full committee's 
organization, and their chairmen, are as follows: 

Corona AND RapiaTion Errects oN Diecectrics; T. W. 

Dakin, Westinghouse Research Laboratories. 

Gasgous DirLectrics; T. W. Liao, High Voltage Labora- 

tory, General Electric Company. 

Liguip Dievecrrics; F. 

Laboratory, General 

So.tip DreELecrrRIcs; 


M. Clark, General Engineering 
Electric Company. 

J. R. Perkins, Polychemicals Depart- 
I. Du Pont de Nemours and Company. 
EVALUATION OF INSULATING MateriA.Ls: J. F. 
Dexter, Product Engineering Department, Dow Corning 
Corporation. 


ment. E. 
THERMAL 


The Committee also has liaison members with the follow- 
ing AIEE committees that are also concerned with insulation: 
the AIEE Transformer Committee; the Instruments and Mea- 
surements Committee; the Rotating Machinery Committee ; 
and the Insulated Conductors Committee. 

The officers of the Committee are all active in the Con- 
ference on Electrical and it is felt that both 
functions in the field of di- 


Insulation 
groups have complementary 
electrics and insulation. 
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pulses occur. Pulses can be counted as a function of time 
by means of a scaler. Negative cycle pulses can easily be 
differentiated from the positive cycle pulses because of 
the smaller light output of the negative pulses. With 
increasing voltages the number of negative pulses in- 
creases steadily per unit time both with a-c and d-c volt- 
ages. With positive voltages the number of pulses per 
unit time goes through a maximum after the corona onset. 
Figure 1 shows the progression of corona pulses as a 
function of voltage until breakdown. 

Tests were also made on corona in an air gap between 
a needle-point and a glass plate with a transparent con- 
ducting side (Nesa glass). With the conducting side of 
the glass facing towards the point and the phototube 
placed under the glass looking toward the point the 
behavior was found to be identical with that of point-to- 
plane configuration. With the conducting side away from 
the point and the glass insulating side towards the point, 
the d-c behavior was found different: the corona pulses 
did not occur as frequently. except if the voltage is raised 
much above the corona appearance voltage. 
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‘“Molecular Engineering’’ 


UNDER THIS PROVOCATIVE TITLE, Professor A. R. von Hippel, 
Laboratory for Insulation Research, MIT, in his Conference 
paper, proposed a “new mode of thinking about engineering 
problems.” Despite the impressive successes of the engineer, 
leadership is slipping from his hands, he said, because the 
power of the classical approach to the use of materials be- 
comes exhausted. He emphasized that engineering is based 
on the proper use of materials. 

At present, Professor von Hippel pointed out, with some 
rare exceptions such engineering materials are “selected 
and applied by empirical methods.” When concepts as to 
the molecular properties of matter were in their infancy, 
this procedure was the only feasible one. But today, about 
fifty years have passed since the inception of the quantum 
theory; physics and chemistry have arrived at quantitive 
statements about the structure of atoms and molecules and 
their interaction in gases, liquids and solids; and yet, visits 
to engineering laboratories and discussions with contracting 
agencies of the Government make it obvious that very little 
of this knowledge is alive in the mind of most engineers. 

In specifically defining molecular engineering, Professor 
von Hippel explained that it means to build materials from 
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Dielectric surface failure investigation in a group of 
solid insulating materials was reported in a paper by 
L. J. Frisco and J. J. Chapman, The Johns Hopkins 
University, Dielectrics Laboratory. Flashover strength 
was measured at several frequencies in the range from 


Breakdown ~ 


h ay 


I } 


IL. — Onset streamers 








Pre-breakdown 
streamers ~ 








Glow 
corona 


Y VU 


an Cc sn sc A 
i.e J 


Voltage 


Fig. 1—Progression of corona pulses until breakdown: 
Number of positive point-to-plane corona pulses is 
shown here as a function of voltage (0.055 mm radius 
point, l-in. spacing, in air at 1 atmosphere). Source: 
Westinghouse Research Laboratories. 
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their atoms and molecules for the purpose in hand. The 
conventional approach is to take prefabricated materials 
and try to devise engineering applications consistent with 
their macroscopic properties. The molecular engineer can 
“conceive devices based on ideal characteristics and then, 
returning to the laboratory, inquire how far such character- 
istics can be made to order. He can play chess with elementary 
particles according to the prescribed rules until new engineer- 
ing solutions become apparent. He can be selective by in- 
sight, foreseeing inherent limitations of materials and making 
use of their actual capabilities.” 

In his paper, Professor von Hippel pointed to areas of 
research where such a molecular engineering approaci is 
needed. “Our faith in the belief and test procedures of the 
classical engineer,” he said, “has been shattered. The test 
data published in the literature are not binding as soon as 
they concern structure-sensitive properties. Engineers 
have to become detectives, familiar with sensitive nondestruc- 
tive tools, including X-ray analysis, spectroscopy, electric 
and magnetic measurements of all kinds, and the new prob- 
ing methods of nuclear-, para- and ferro-magnetic-resonance.” 

Cooperation between industry management, university labo- 
ratories and the Government agencies in accepting the con- 
cept of molecular engineering and establishing Laboratories 
for Molecular Science and Engineering was urged. 
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60 cps to LOO megacycles. Exposure effects were studied 
at nine conditions of temperature and relative humidity 
over a temperature range from —55 C to 125 C. The 
flashover voltage was measured across a “x-in. gap be- 
tween °4-in. diam stainless steel washers. The following 
conclusions were made: 

1. The low-frequency flashover strength is primarily 
a function of the dielectric constant of the material which 
forms the surface of the specimen. Flashover strength 
decreases with increasing dielectric strength. 

2. Decrease in flashover strength is generally observed 
with increasing frequency. Where excessive heating occurs 
at the higher frequencies, the material cannot withstand 
the stress which is required to initiate a surface failure. 
and consequently, a volume-type failure is obtained at 
a relatively low voltage level. 

3. Increased temperature causes a decrease in flash- 
over strength which closely follows a relative-air density 
relationship. At low temperatures the behavior is some- 
what erratic because of the variation of conditions which 
can exist, ranging from dryness to condensation and 
frosting. Although frost has a compromising effect on 
flashover strength. it exhibits the properties of a good 
dielectric. 

1. Moisture absorption causes serious degradation of 
electrical properties, which drastically affects flashover 
strength. The volume type of failure is observed, even 
at 60 cps, after exposure to saturated atmospheres for 
prolonged periods. 

5. Materials of exceptionally high d-c resistivity become 
charged as a result of normal handling. and this surface 
charge compromises flashover strength at all frequencies. 
These same materials accumulate foreign particles, which 
cause a decrease in surface resistivity and flashover 
strength in a saturated atmosphere. 

Figures 2, 3 and 4 show respectively the relationship 
between flashover strength and dielectric constant and 
frequency, also the effect of temperature on 60 cps flash- 
over strength for several of the thirteen materials 
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tested (see captions for list). 16 
A fundamental study on 
silicones that seems to offer 
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some unusually interesting 
opportunities for translation 
to engineering data was de- 
scribed by J. R. McLoughlin, 5 4 
Silicone Product Department, 


General Electric 
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resins by testing unsupported 
films of the resins. Such free 
film specimens apparently 
exhibit a greater sensitivity 
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60 C and 100 C. in sili- 
cone resins the transition 


shifts with cure and formulation but can occur anywhere 
between 0 C and 200 C. At temperatures lower than the 
transition both silicone rubbers and resins have a 
modulus of elasticity of 50,000 to 100,000 psi. Above 
the transition the rubbers usually 
modulus of elasticity of 100 to 500 psi; the silicone 
resins have a range of modulus of elasticity from 100 
psi to 30,000. psi. 

The tensile strength of a silicone resin 
both above and transition. 
Optimum is about 2500 psi. Elongation endured before 


silicone have a 


increases as 
cure advances, below the 
failure decreases, as the cure advances, below the transi- 
tion. Above the transition there is not much change in 
elongation during early stages of the cure. In more 
advanced stages of cure the elongation decreases. 

Toughness of a resin can be defined as a quantity 
proportional to the work done in breaking a sample in 
the integrated area under a stress-strain curve. It is 
found to go through a maximum as a function of the 
cure: and it falls off from the maximum value due to 
decrease in elongation at advanced stages of the cure. 
At any given stage in the cure, the maximum tough- 
ness is found at a temperature near the transition tem- 
perature. Thick films of silicone resin cure more slowly 
than thin films. since it takes longer to drive residual 
and reaction product water out of the thicker films. 
The attached Figs. 5. 6 and 7 exhibit some of the data 
developed from this investigation. 

During the ensuing discussion, Mr. McLoughlin em- 
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phasized that this method of tests on unsupported film 
was not meant to displace fundamental tests on com- 
posite specimens of resins with glass cloth, ete., but 
was developed as a supplementary method. 

In a report by A. L. Scheideler and L. C. Whitman, 
General Electric Pittsfield, 
that varnish-impregnated insulations 
have an aging rate in air dependent on insulation thick- 
ness. For example, a 10-fold increase in useful insulation 
life in air (in dry atmosphere) can be obtained for the 
insulation if thickness is increased say from that used 
in representative turn insulation to that employed for 


Company, Mass., it was 


shown organic 


a major voltage barrier. A corresponding change in 
temperature class may be of the order of 30 € to 50 C. 
The report was based on tests made on paper or cloth- 
based materials with phenolic or black asphaltic varnish 
impregnants. Figures 8 and 9 show the effect of thick- 
ness on insulation life as determined by a 50-per cent 
dielectric strength criterion with time and temperature 
as parameters. 

The mechanism that leads to the longer life of the 
thicker insulations is not quite clear. It was suggested 
that there is a progressive shielding of the inner regions 
by the outer, with the diffusion of oxygen thus effec- 
tively inhibited. On the basis of this premise, the con- 
tinuing increase in thickness should lengthen life of the 
insulation until it would approach that of a thin section 
in a nitrogen atmosphere. Actually, however, the in- 
crease in life is considerably greater. Data obtained on 
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Fig. 5—Typical results of basic physical 
tests on silicone resins and rubber in 
which unsupported films are used. 
This graph for modulus of elasticity 
provides comparison of transition 
temperatures for a typical silicone 
rubber and for several silicone resins. 
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degrees of cure. 
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weight loss as a function of insulation thickness seems 
to substantiate a further assumption that there is an 
additional mechanism that acts to inhibit the evapora- 
tion of the insulating impregnant. 

A relatively unexplored field in dielectric research 
steady-state conductivity—was discussed by Walter 
Dannhauser and W. H. Cobbs, Jr., Yerkes Research 
Laboratory, E. 1. Du Pont de Nemours and Company. 
in their paper, “Electrical Conductivity in Polyethylene 
Terephthalate Films.” Conductance measurements can 
be employed to provide answers to questions such as 
these: Why are some materials excellent insulators, 
and others, perhaps even chemically similar, are not? 
What are the details of the conduction mechanism? 
What is the relation of steady-state conduction to other 
electrical (also mechanical) properties? Not only are 
conductance measurements of value in determining de- 
sign applications of plastics dielectrics, but they are 
helpful in fundamental studies of polymer structures. 

On the basis of certain qualitative experiments it 
was postulated that the conductivity of this film was 
ionic. Voltage dependence tests later appeared to sup- 


port this postulate. A decision was made to project 
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Fig. 6—Typical stress-strain plots at 
25 C for tensile tests of a silicone ¢ 
resin below its transition temperature. ‘ 
As they progress upward, and to the 
represent increasing 
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Fig. 7—This graph of tensile strength 
vs temperature for a silicone resin. 
Curves, progressing upward, represent 
increasing degrees of cure. Source: 
General Electric Company, Silicone 
& Products Dept. 


conductivity measurements to a temperature area be- 
low 130 C down to about 70 C, since a previous pro- 
gram had covered volume conductivity and voltage 
dependence values over a temperature range of 130 C 
to 240 C. (2) Both cast amorphous film and the pro- 
duction-grade partially oriented and crystallized com- 
mercial film (Mylar) were used. 

Test apparatus was carefully designed for shielding 
elimination of electrical 
leakage paths. This permitted reproducible measurements 


of leads and vibrations and 
of current as small as 5x10-'* amp +5 per cent. 
It was noted that as the temperature of measurement 
was lowered, the existence of transient currents charac- 
terized by temperature-dependent time constants became 
increasingly evident. It was indicated that although the 
transient currents are small and decay rather rapidly, 
they may be considerably greater than the steady-state 
currents even after long periods of time. The time interval 
in which the steady-state current is effectively masked 
is often greater than the 2- or 3-min charging time 
recommended for standard insulation test procedures. 
A new ferroelectric material—guanidine aluminum 
sulfate hexahydrate—was discussed in a paper by a Bell 


Highlights of Roundtable Discussion on Thermal 
and Chemical Deterioration of Dielectrics® 


1. Roundtable discussions in previous years have been pretty 
much rough-and-tumble exchanges of controversial opinions 
of the performance of specific materials. Now the emphasis 
is more subjective. There is a strong tendency to dissect 
the methods used in determining the causes of deterioration. 


2. No matter what tests we set up, those made for elevated 
temperatures still remain basic. Yet how should we make 
these tests? At the top elevated temperatures and extra- 
polate therefrom? Or successive evaluations at lower tem- 
peratures? Perhaps it’s a matter of Tweedledum or Tweedle- 
dee. 


3. The only safe method for complex structures is to test 
them at operating temperatures, which means aging them 


* Six roundtable discussions were held on various phases of dielectrics; this one 
was the most heavily attended. 
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at that temperature. It is o.k. to use all other methods. 
but this remains fundamental. 


4. On the other hand, we should keep on testing at high 
temperatures, if necessary even higher than the operating 
temperatures, in order to attain results in a reasonable 
time. Engineers cannot wait, for instance, a matter of 
10 years from today’s urgent need for workable data. 


5. What are we actually measuring in the accelerated aging 
tests? Many reactions occur, but the most important re- 
action is the one that causes end of life of the insulation. 
In other words, it is the breakdown end point. 


6. It is important to look at the functional behavior or 
“health” of an insulation structure as that of the total 


structure and not so much of the elements that make it up. 
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Telephone Laboratories group consisting of A. N. Holden, 
B. IT. Matthias. W. J. Merz and J. P. Remeika. This 
material (“Gash” for short) is ferroelectric over a wide 
range of temperatures, including room temperature. It 
exhibits an unusually low constant, of the 
order of 6 along the ferroelectric axis and 5 perpendicular 
to it. At temperatures up to 200 C, very little change has 
been noted in this characteristic. 

Quite symmetrical and square hysteresis loops can be 
obtained at room temperature from certain sections of 


dielectric 


the crystal. Spontaneous polarization is about 0.35 micro- 
coulombs/cm?. In contrast to BaTiO,, “Gash” is thus a 
weak ferroelectric crystal similar to Rochelle salt. Coer- 
cive field strength is strongly frequency dependent; at 
60 cps it is equivalent to 1500 volts per cm. Since the 
erystal starts to lose water of crystallization above 100 
C, no reproducible results can be obtained, and hence 
no determination of the Curie point could be made. 
Polarization, however. decreases linearly with increasing 
temperature, thus suggesting a Curie temperature of 
about 200 C to 300 C. 

The coercive field increases rapidly at low tempera- 
tures. If the crystals are subjected to square electrical 
pulses, the switching time becomes shorter the higher the 
applied field. The switching mechanism is thus apparently 
similar to that of BaTiO. which shows the same _ be- 
havior. But under the same conditions. switching time for 
BaTiO. is considerably faster. Actually “Gash” is about 
25 times slower. 

\ dynamic technique for studying the pyroelectric 
effect and its application to ferroelectrics was described 
by A. G. Chynoweth, also of the Bell Telephone La- 
boratories. The method was applied to barium titanate. 
also to guanidine aluminum sulfate hexadrate material 
previously discussed. 

The necessity for designing special test apparatus for 
carrying out research projects was made apparent by 
Irving R. Weingarten. General Electric Company. Elec- 
tronic Components Department, Auburn, N. Y.. in his 
paper. “Dielectric Measurements at Extremely Low Fre- 
quencies.” (The work Mr. Weingarten 


was done by 


There is perhaps an analogy to the approach of the neuro- 
logist and the psychologist. There is need to look at the 
whole “animal” rather than at the bundle of nerves. 


7. The end point of engineering tests must be related to 
the manner in which the material fails in service. Most 
usually it fails mechanically first. If we know how or 
why it so fails, then we can properly set up a correlation 
with electrical characteristics and tests. 


8. How a material performs in its original batch form and 
later on when used in end equipment or a test assembly 
may be two entirely different things Has any work 
been done to correlate thermal properties of insulating 
materials under such conditions? Answer: Yes, to 
extent, but it would be desirable to expand this work. 


some 
9. One important job that can be done is to correlate all 
available standards used by materials manufacturers. 


10. In trving to relate fundamental data and engineering 
data aren't we trving to resolve two distinct and different 
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while he was with the Corning Glass Works Research 
Laboratory during 1953 and 1954.) 

The paper dealt essentially with preliminary results 
in the development and applications of a bridge circuit 
designed for dielectric measurements at infrasonic fre- 
quencies ranging from 0.008 to 20 cps. Below this range, 
it was pointed out, measurements can be made by cur 
rent charge and discharge curves, while at higher fre- 
quencies many bridge circuits are available. A detailed 
description of the preliminary design was presented to- 
gether with some measurements on low-loss materials. 

In a session devoted to materials, a group from 
General Electric Company, West Lynn, Mass., discussed 
the application of an internal oxidation mechanism in the 
development of nontracking insulations. In this paper by 
R. S. Norman, R. A. Pfunter and A. A. Kessel, the 
theoretical basis for this development was explored; the 
application to specific compounds, such as nontracking 
butyl rubber was described; and some specific test data 
were presented. 

The theory has already been reported in the last issue 
of this publication. (3) To repeat briefly, the oxidation 
mechanism or ingredient is a “material which can be 
physically interspersed throughout the bulk of the basic 
organic material. This operation normally takes place 
during the compounding of the fillers, plasticizers, etc.. 
with the base material. Under the influence of electrical 
discharge in close proximity with the insulation material 
containing this interspersed ingredient, a reaction takes 
place which has unusual effectiveness in preventing the 
accumulation of carbonaceous deposits.” No conducting 
track is formed and the only effect is a very slow general 
erosion. 

In a dust-creepage test on a 75-mil sample. the follow- 
ing comparative results were given: 


Hours to failure Vaterials utilizing 


Base conventional filled internal oxidation 
materials materials mechanism 
Butyl rubber 2.0 400 
Epoxy resin 0.5—40 400 
Neoprene 1.0 31 
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things? No! Engineers design a piece of equipment; they 
require reasonably precise engineering data for today’s 
needs. The chemist either has to work by Edisonian methods 
or by fundamental tests. His purpose is the development 
of materials that will have certain predetermined character- 
istics. He works on tomorrow’s needs. But both have a 


common purpose. 


11. All this discussion has referred to accelerating tests 
by means of temperature. But there are other ways of ac- 
celerating tests. You can accelerate degradation by oxida- 
tion studies for example . . . New bases for tests are likely 
to appear as work progresses in many areas. Currently 
the effect of high-energy radiation on dielectrics is becoming 
highly important. 


12. Manufacturers of insulation materials can do a great 
deal to help standardize dielectrics test methods or at 
least to pool their methods in some cental group that can 
correlate them. At the same time, producers of basic mate- 
rials that enter into insulation products should 
more freely data on their fundamental work. 


release 
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Motor-Driven Instrument for 
Photocurrent Measurements 


PHOTOCONDUCTIVITY MEASUREMENTS in the presence of rela- 
tively large d-c currents required the development of a 
special instrument, as described at the Conference in a 
paper by D. A. Powers, Massachusetts Institute of Tech- 
nology. The problem arose in research on the conductivity of 
rutile single crystals and stemmed from an_ inability 
to make satisfactory d-c measurements of the photocurrents. 
A decision was made to consider techniques for a-c measure- 
ments with chopped light. A system with these requirements 
seems desirable: (1) Ability to measure the photo-response 
over as wide a frequency range as possible (to determine 
whether or not the photo-activated charge carriers partici- 
pated in the space charge formation which appears with d-c 
applied fields), and (2) ability to provide sinusoidal as 
well as square-wave modulation. 

The block diagram shows the system developed to meet 
these requirements. A variable-speed motor drives dual 
light-beam modulators through a mechanical phase shifter. 
For frequencies from 10 to 100 cps, the beam modulators are 
mounted directly on the motor shafts, with phase shift ac- 
complished by rotation of the lamp-slit-photocell assembly. 
In the frequency range 1 to 10 cps a differential gear 
assembly carries the modulators; rotation of the spider gear 
provides the phase shift. 

Current from the sample comprising a large d-c component 
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Similar results were cited for tests made under salt 
fog conditions. Two identical 600-volt transformers were 
insulated with a silica-filled epoxy resin 
and a nontracking epoxy, respectively. The first trans- 
former formed a carbonized path and failed after 1 hr 
at 600 volts in the salt-fog chamber. The nontracking 
epoxy exhibited no carbon tracking and finally failed 
under erosion after 1400 hr under the stated conditions. 
An increase in insulation thickness would probably have 
even prolonged the life. 

It was pointed out that the elimination of carboniza- 
tion by the internal oxidation mechanism is not only 


conventional 


effective in reducing creepage damage, but also greatly 
increases the arc resistance of organic materials. Of 
particular interest would be the application of this me- 
chanism to phenolics. Actually, this has been successfully 
done. Conventional wood-flour-filled phenolics have an 
are-resistance of 2 to 5 sec, while conventional filled urea- 
formaldehyde and melamine formaldehyde are in the 
range of 125 sec. With the internal oxidation mechanism, 
the are resistance of phenolics is increased from the 
normal 2 to 5 sec to values of 180 to 190 sec. 

Exploratory work on internal ionization indicates the 
internal oxidation mechanism might also be expected to 
retard internal and carbonization. Limited 
data on butyl rubber were said to confirm the existence 
of this effect. 

No official information has been released as yet by 
General Electric Company as to the exact nature of the 
“internal oxidation 


ionization 


mechanism,” but it is understood 
that it is an organic additive. 
Functional temperature endurance test data on Group 


III dry-type power transformers utilizing a silicone-glass 
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plus the a-c signal is fed into an impedance transformer 
which reduces the d-c voltage by a factor of 100 without 
altering the a-c voltage. The signal is then amplified and 
applied to one coil of a current product meter. A syn- 
chronous signal is generated in the lamp-chopper-photocell 
circuit, amplified, and applied to the second coil of the 
current product meter. The meter indicates the product 
of the two currents, and its ballistics determine the effcctive 
width of the pass band of the entire system. Noise within 
the pass band appears as variations in the meter deflection; 
noise outside the pass band appears only as the resistance 
heat in the meter coils. 

The system provides the narrow bandwidth and high sig- 
nal-to-noise ratio inherent in synchronous detection and 
is capable of measuring photocurrents over the frequency 
range from 1] to 100 cps, while in the presence of d-c com- 
ponents that are several times as large. 





Block diagram for instrument developed at MIT for 


photoconductivity measurements. 
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insulating system were presented by M. L. Manning, 
Pennsylvania Transformer Company. The Group III 
transformers are identified in the NEMA “Standards for 
Transformers,” May 1954, as transformers of 180 C 
hottest spot winding temperature rise. An earlier report 
on the same overall evaluation program was made at the 
1954 Conference on Electrical Insulation and was sum. 
marized in this publication. (4) 

This year’s paper was based on a heat-aging test pro- 
gram covering a total of 16 models plus 4 models with 
thermocouples. Two additional models were impulse- 
voltage tested, positive polarity. The following conclu- 
sions were stated by Mr. Manning: 

1. Using 4-in. creepage distance, the barrier insulation 
of 16 models has withstood the severe thermal, humidi- 
fication and voltage shock when exposed to aging tem- 
peratures ranging from 276 C to 325 C. 48-hr to 384-hr 
cycling, for a total of approximately 
time. 


1238 hr aging 
2. Double-glass fiber served wire usually fails by 
flashover in the third section of the HV winding (hottest 
spot) during voltage tests after humidification. After the 
subsequent heating cycle, the turn insulation may with- 
stand the voltage test. The nature of the silicone resin 
may account for this. The resin may not have cracked or 
become crazed. A special turn insulation developed has 
not failed at 350 C even at 800 volts turn-to-turn stress. 

3. Power factor tests made before and after heat-aging 
cycling on barrier insulation show improvement or little 
change. 

1. Test data for 16 model transformers structures in- 
dicate that to expect failure by puncture in barrier in- 
sulation. a maximum aging temperature of approximately 
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Fig. 8—Studies of effect of gases on organic insulation include the effect of thickness 
This graph shows 
as the parameter. 


on insulation life in air as related to time, as shown here. 


Source: General Electric Company, Pittsfield, Mass. 


350 C, 48 hr duration per cycle, and over five such cycles 
including humidification and voltage must be used. 

2 Expected life (based on service tests) of a silicone- 
glass fiber insulation system extends from 48 hr pet 
cycle at 350 C (winding temperature) to 4-yr life at 
220 C. 

Development of dielectric materials to meet specialized 
requirements for microwave antenna lens was reported by 
Charles L. Petze, Jr., Delaware Research and Develop- 
ment Corporation. This work is being done under a Naval 
Research Laboratory contract. Requirements for such 
materials were given as follows: 

Klectrical characteristics must be maintained over the 
frequency range from 3000 me or less to 24,000 mc or 
more. These are: Dielectric constants from 1.1 to 3.0 in 
steps of 0.05 unit, each value uniform and isotropic to a 
tolerance of 0.020 unit everywhere within the material; 
total loss tangent of 0.0010 or less at any point within the 
material: permeability of unity, the material to be non- 
magnetic. These electrical specifications mean that each 
value of refractive index must be independent of fre- 
quency. The electromagnetic wave passing through the di- 
electric material must not suffer diffraction or resonance. 

Mechanical specifications call for stable properties from 

20 F to 150 F with a wider range preferred. Expanded 
material must be unicellular with a small cell diameter. 
Low water absorption is essential since water has a high 
loss tangent at microwave frequencies and also undergoes 
marked changes in refractive index with frequency. 

The material developed must be tough, rigid, free from 
internal strain, yet light in weight. They must resist de- 
formation, crazing, cracking and denting. They must be 
capable of being machined, fabricated and used as a 
microwave lens. The specified electrical and mechanical 
characteristics must be maintained after exposure to out- 
door weathering continuously for a period of at least six 
months. 

Polyethylene, polystyrene, certain silicones and silicone 
reaction products were indicated as the starting polymers 
for these materials. High-dielectric constant additives are 
used to obtain the desired range of refractive index. 
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Fig. 9 
the effect of thickness on insulation life in air with temperature 


= Fig. 10—Experimental values of pulse 


voltage for hexane hydrocarbon liquid 
dielectric at various electrode spacings 
for polished flat steel electrodes (also 
grit blasted electrodes). Source: Gen- 
eral Electric Company Research Lab- 
oratory, Schenectady, N. Y. 


Titanium compounds, including titanium organics, are 
preferred. 

Use of a silicone as a matrix material, Mr. Petze said, 
provides the advantages of its inherent thermal stability 
and weather resistance. Given weather resistance through- 
out the dielectric material, degradation hazards associated 
with pin-holing and abrasive wear-through of surface 
coatings are eliminated. Likewise, the possible adverse 
effects of joints and excessive skin thickness on beam pat- 
tern are avoided. Attention also is being directed to sili- 
cone and methyl methacrylate surface coatings. 

The effect of thermal conditioning on physical proper- 
ties of high-frequency ceramic dielectrics materials (in- 
dustrially prepared alumina, wollastonite and mullite 
bodies) was reported in some detail by E. J. Smoke, A. V. 
Illyn and J. H. Koenig, School of Ceramics, Rutgers Uni- 
versity. A particularly important phase of this test pro- 
gram was devoted to determining the effect of centerless 
grinding on tuning rods used in variable precision air 
capacitors, and also whether thermal conditioning would 
affect the mechanical properties of both the original- 
surface and the centerless-ground rods. According to the 
authors, numerous field reports to the Signal Corps had 
indicated mechanical failure of such rods. 

The overall program was carried out by testing rods of 
approximately 14 in. diam by 6 in. length. They were 
thermally conditioned by being heated at 500 F per hr to 
temperatures in a range of 200 F to 800 F of their matur- 
ing temperatures, then removed from the kiln to moving 
air at room temperature. The following effects were ob- 
served (see also table) : 

1. Transverse strength increases up to as much as 100 
per cent in some cases. 

2. No measurable effect noted on the modulus of elas- 
ticity. 

3. Impact strength increases up to as much as 50 per 
cent. 

4. Heat-treating centerless ground alumina rods, whose 
strength was lowered 40 per cent by grinding, restored 
their modulus of rupture value to that of the ‘ 
original surface rods. 


‘as received” 
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Resumé of Effect of Thermal Conditioning on Modulus of Rupture and Impact Strength of 
High-Frequency Ceramic Dielectrics 


Modulus of rupture 


Thermal 
conditioned, 


As received, 
Type body psi psi 
Steatite 17,000 
Wollastonite 23,300 
Mullite 18,650 
Alumina: Original surface 35,100 
Centerless-ground 21,900 


5. Thermal conditioning of the centerless-ground rods 
increased their strength above that of the “as received” 
original surface rods. 

6. The effect of thermal conditioning can be removed 
by annealing above a critical temperature. 

7. Seratching the surface lowers the transverse strength 
of both the thermally conditioned and the “as received” 
specimens. The effect on the latter being the greatest. 

One full session was given over to a breakdown in gas- 
eous and liquid dielectrics. There is a rising trend toward 
the use of these materials in the design of transformers 
and other equipment. (5) Although these papers were on 
the theoretical side, their impact on practical design engi- 
neering was quite decided. A few are noted here: 

Where solid and gaseous dielectrics are used in com- 
bination, detrimental effect of one component on the other 
may occur. In their paper, T. W. Liao and G. Camilli, 
General Electric Company, Pittsfield, Mass., examined the 
effect of solids and contaminants on gaseous insulation. 
They pointed out that very little has been reported on this 
phase of the subject, although much has been done on the 
detrimental effect of gases, such as air voids, where solid 
insulation is the major component. 

The effect of hydrostatic pressure and applied voltage 
duration on the breakdown strength of insulating oil was 
the scope of a paper by P. K. Watson, National Research 
Council of Canada. Initial tests were carried out with a-c 
voltages: Breakdown strength of the oil was found to 
increase with hydrostatic pressure. Measurements were 
found to be strongly influenced by particle impurities in 
the oil. The removal of the particles caused a marked 
increase in strength. 

Electrode configuration can exercise a discernible in- 
fluence in measurement of electric breakdown. In their 
investigation of the mechanism of breakdown in liquids. 
a General Electric Research Laboratory group sought to 
obtain electric strength values characteristic of the liquid 
itself. Under ideal conditions, this would mean a value 
free from the influence of all external influences such as 
electrode composition, surface conditions and configura- 
tion. 

This group (A. H. Sharbaugh, E. B. Cox, R. W. Crowe 
and P. L. Auer) selected hexane for their investigation 
since this material is a typical hydrocarbon liquid for 
which a high degree of reproducibility can be realized. 
Based on conclusions derived from earlier work it was 
decided to use flat electrodes so that the volume of liquid 
under stress could be changed without changing the elec- 
trode area. 

Figure 10 gives typical experimental values: in this 
instance pulse voltage at various electrode spacing for 
1%-in. diam flat electrodes. The report includes results of 
studies of the effect of flaws in the electrode surfaces. 
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20,600 
25,900 
27,700 
47 ,800 
42,500 


Impact strength 


Quench Thermal Quench 

Per cent temp., As received conditioned, Per cent temp., 
increase deg F in-Ibs, in? in-ibs/in- increase deg F 
21.0 1900 22.5 23.1 2.6 1700 
11.1 1850 35.2 37.2 5.7 1850 
48.5 2640 21.4 32.1 50.0 2640 
36.2 2400 29.3 38.2 30.4 2400 
94.1 2200 26.6 39.3 47.7 2200 


C. N. Works and E. W. Lindsay. Westinghouse Electric 
Corporation, reported on their investigation of electric 
breakdown of gases and vapors of chloro-fluoro-hydrocar- 
bons. Specifically, information was sought on the varia- 
tion of dielectric strength as the hydrogen in a hydrocar- 
bon is replaced by chlorine and fluorine. Results were 
reported for both low- and higher-molecular weight 
compounds. 

The high dielectric strength of halogen-containing com- 
pounds has been attributed to the electronegativity of 
these elements. Since fluorine is the most electronegative 
of all elements, fluorine-containing compounds show 
higher dielectric strength than other electronegative gases 
and vapors. However, exceptions were noted for lower- 
molecular weight compounds. 

This review, of course, does not cover all the papers 
that were presented at the Conference. A number of these 
were of very special interest; others were devoted to areas 
of fundamental research somewhat out of the scope here. 
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Producing Motion 


L. A. PETERMANN* 
Gutton Merc. Corp., Metuchen, N. J. 


with Magnetostrictive 


and Piezoelectric Transducers 


Magnetostrictive and piezoelectric materials are used in many different types of electro- 


mechanical transducers. Their unique properties of changing physical dimensions under the 


stress of a magnetic or electric field provide simple and economical designs. The behavior of 


these materials in a number of different configurations are reviewed in this article. 


AN ELECTROMECHANICAL TRANSDUCER 
electrical stimulus by 


RESPONDS to an 
producing a mechanical effect 
(force and motion) and conversely, it translates a me- 
chanical stimulus into an electrical signal. In this dis- 
cussion, the emphasis is on the first part of this general 
definition, the production of motion as a result of an 
electrical stimulus fed to the transducer. Among the 
several physical phenomena on which electromechanical 
transducers operate are the magnetostrictive, the piezo- 
electric and the polarized ferroelectric effects. 
Magnetostriction. When a ferromagnetic material 
is subjected to a magnetic field, its dimensions are 
modified. The relative change of dimensions is a function 
of the absolute value of the applied magnetic field (inde- 
pendent of its sign). temperature, nature of the material 
and the particular treatment of the material (heat treat- 
ment, internal stresses, etc.). This is called “magneto- 
striction” or the Joule effect. Fig. 1, shows, for instance, 
the relative change of length of a nickel rod when sub- 
jected to varying magnetic intensity at room temperature. 
The curve is symmetrical about the axis of zero magnetic 
intensity, and there is a saturation effect at about 500 
gauss. It appears clearly that the strain is far from a 


*Now with RCA Laboratories, Princeto 
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simple function of the magnetic field intensity for values 
close to zero. Driving such a bar with a sinusoidal alter- 
nating magnetic field will not result in a sinusoidal 
variation in the length of the bar. There will be an im- 
portant distortion, with a frequency-doubling effect. If, 
on the other hand, the same bar is subjected to a per- 
manent d-c biasing magnetic field (H, on the graph), 
the behavior of the bar will be quite different. An alter- 
nating magnetic field of amplitude smaller than H,, super- 
imposed on the d-c field H, will produce much larger 
variations of the length of the bar in very nearly linear 
relationship with the driving field. There will be little 
distortion and no frequency doubling effect. 

There exists a large number of magnetostrictive ma- 
terials susceptible of application to electromechanical 
transducers. Some examples are nickel, Alfer (13 per 
cent aluminum, 87 per cent iron), Monel metal, Permalloy 
40 (40 per cent nickel, 60 per cent iron), cekas (chromium 
11.2 per cent, nickel 59.9 per cent, iron 28.9 per cent, 
manganese 2 per cent), and several different types of 
ferrites. 

Piezoelectric Effect. The piezoelectric effect is ob- 
served only in certain crystals such as quartz and tourma- 
line. A voltage applied across a piece of crystal will 
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Fig. 1—Curve showing the relative change 
in length of a nickel rod under the influ- Fig. 2 
ence of a magnetic field. Change is inde- 
pendent of magnetic field direction. 


modify its dimensions, and conversely a mechanical 
action modifying the dimensions of the crystal produces 
a change in the voltage across it. In contrast with the 
magnetostrictive effect, the piezoelectric effect is quite 
linear over a wide range as shown in Fig. 2. There is, 
therefore, no need of biasing or external polarization. 
The changes of dimensions of the piezoelectric transducer 
reproduce with a high degree of fidelity the variations of 
voltage across it, as long as the frequency is relatively 
low. 

Electrostriction. The materials in which the electro- 
strictive effect are often used under such 
conditions that the resulting effect is very similar to the 
piezoelectric effect. Although it is usually referred to as 
the “piezoelectric effect.” it could as 
“polarized electrostrictive effect.” 

When a so-called polycrystalline electrostrictive ma- 
terial is subjected to an electric field, its dimensions are 
modified. The phenomenon is in many ways similar to 
the magnetostrictive effect. The relative change in dimen- 
sions is a function of the absolute value of the applied 
electric field (independent of sign for polycrystalline 
materials), temperature, nature of the material and its 
particular treatment. This effect is called “electrostric- 
tion.” Fig. 3 represents, in arbitrary units, the relative 
change in length (strain) of a bar of electrostrictive 
polycrystalline material as a function of the applied elec- 
tric field. The curve is symmetrical with respect to the 
polarity of the field, and the remarks made in the case 
of the magnetostrictive effect hold true. If a d-c electric 
field (polarization field) E, is applied and an alternating 
field superimposed on it, the change of dimensions of the 
material will follow almost linearly the variations of the 
electric field. As compared with the piezoelectric effect, 
illustrated in Fig. 2, the polarized electrostrictive effect 
is very similar. That is why it is often called “piezo- 
electric effect.” 

For many materials, it is fortunately not necessary to 
apply a permanent d-c polarizing field. There exists an 
important remanence: an internal polarization of the 
material which can be stored within the structure of the 
polycrystalline material by applying a strong d-c electric 
field for a certain time. With this property, a permanently 
polarized electrostrictive transducer can be considered 
practically identical to a piezoelectric transducer from 
the point of view of its operation, as long as the tempera- 
ture is kept within a certain range. 


is observed 


well be called 
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E electric field intensity 





E, electric fielg 


Curve of strain vs elec- 
tric field intensity due to piezo- 
electric effect. Note linear shape. 


Fig. 3—Curve of strain vs electric field 
intensity due to electrostrictive effect, 


Numerous polycrystalline electrostrictive materials are 
available in large quantities and wide range of dimensions. 
The most common are the barium titanate ceramics of 
various compositions, containing lead titanate, calcium 
titanate, cobalt and other ingredients which alter the 
temperature dependence and the values of dielectric con- 
stant and electrostrictive constant. Another class of ce- 
ramic materials, the niobates, seem to have promise of 
extended temperature range. 

Curie Point. Magnetostrictive and_ electrostrictive 
effects do not exist, or are considerably reduced above 
critical temperatures, called Curie Points, the values of 
which depend on the nature of the materials. 

For magnetostrictive materials, there exists for each 
material a definite Curie point (below the melting point). 
This sets a limit to the temperature range within which 
magnetostrictive transducers can be used. 

For common electrostrictive materials, there exist two 
main Curie points between which a polycrystalline ma- 
terial can hold a permanent polarization, and thus can 
be used as a piezoelectric material. These points, in the 
case of barium titanate ceramics are found in the neigh- 
borhood of 0 C and +120 C. They can be shifted to a 
limited extent by additions of such compounds as lead 
titanate, calcium titanate, etc. Between the two critical 
temperatures the electrostrictive properties are functions 
of the temperature. There is thus a restrictive tempera- 
ture range in which polycrystalline electrostrictive trans- 
ducers can be used. 

Resonance. Depending on the shape and size of a 
transducer, there are certain frequencies of mechanical 
resonance at which the transducer is capable of vibrating 
with large amplitudes when driven with a_ sinusoidal 
electrical signal. It is useful to know the values of these 
frequencies as functions of the dimensions, shapes and 
materials of the transducer, for the reason that the 
efficiency will usually be greatest when the transducer 
is driven at one of its mechanical resonance frequencies. 
On the other hand, the transducer wi'l respond with fidel- 
ity to a wide frequency band only if the frequency band 
of the input is far below the lowest resonance. 

The patterns of distribution of vibration amplitudes 
in transducers can be classified in several groups or 
modes for many types of transducers with simple shapes. 
For each mode, there are usually numerous values of 
frequencies corresponding to resonances called overtones 
of resonance. 
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Several simple shapes of transducer elements with 
typical modes of vibration are illustrated in Fig. 4. There 
are many other possible modes of vibration, such as 
longitudinal mode of a cylinder, thickness mode of a 
disk, flexural mode of a disk, lateral modes of plates, etc. 

Whenever resonance conditions are equivalent to a 
state of standing waves in the transducer, the frequency 
equation is the well-known F,A C,, (infinite number 
of solutions) in which F, is the resonant frequency, A 
is the wavelength, related to the dimensions of the trans- 
ducer by the boundary conditions, and C,, is the velocity 
of the particular type of wave involved (compressional 
plane waves, compressional cylindrical waves. torsional 
waves, shear plane waves, etc.). 

When the resonance condition does not include a con- 
cept of wave propagation (with lumped constants trans- 
ducer, such as thin-walled cylinder or sphere in radial 
vibration), the frequency equation is of the type F, = 
Vr \/K/M (one solution) where K is the stiffness of 
the mechanical system and M is the mass of the vibrating 
body. It is seen, for instance, that the radial mode of a 
disk (standing waves system) has nothing in common 
with the radial mode of a cylinder (lumped constants 
system). 

Whenever simple expressions predict that two resonant 
frequencies in different modes for a given transducer 
should be close or identical, there will be coupling effects 
and the simple expressions will not give accurate results. 
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Typical shapes of transducer elements and modes of vibration due to electric 
or magnetic fields. Patents are pending on several of the configurations shown. 
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Equations for resonant frequencies and the values of 
frequency constants are given in the Appendix. 

Driving in Various Modes. In the case of magneto- 
striction, it is necessary to provide a d-c biasing magnetic 
field in the transducer (by means of a coil winding or 
permanent magnet) and an a-c driving field applied with 
a driving coil suitably wound around the transducer 
element. To produce flexion, it is generally necessary to 
drive the transducer in an asymmetric fashion as illus- 
trated in Fig. 5. When section A (upper portion) is ex- 
tended by the effect of the magnetic field, section B will 
be contracted because the driving field is there with a 
180-deg difference of phase with respect to section A. 
The result is a bending of the material. 

In the case of polarized ferroelectric materials, only 
the materials that can retain a permanent polarization 
are considered here. In such cases, only the a-c driving 
electric field need be considered as for piezoelectric 
materials. The ferroelectric polycrystalline material must 
be coated with some conductive material on suitable areas 
to drive the material in the selected mode. The coating 
is usually a thin silver plating to which necessary leads 
can be soldered. This provides good electrical and me- 
chanical contact, which is necessary with materials like 
barium titanate ceramic which has a very high dielectric 
constant (1000 and higher). A voltage is applied across 
the electrodes to produce an electric field in the material 
and bring about mechanical strains. The polarized ferro- 
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Drive 


Fig. 5—Asymmetrically driven biased 
magnetostriction transducer element in 
which the desired motion is a bending. 


electric effect can be described as a combination of the 
following: 

1. The driving field is parallel to the direction of 
permanent polarization. The results are (a) change in 
dimension along the same direction as applied field; and 
(b) change in dimension, opposite in sign to the first 
one, at right angle with applied field. 

2. The driving field is perpendicular to the direction 
of permanent polarization. The result is a shear strain 
parallel to the direction of polarization. 

In piezoelectric crystals, there are many more possibili- 
ties to generate compressional and shear strains. It will 
generally be sufficient to know the values and signs of 
the so-called piezoelectric constants and to decide which 
mode should be used, to find by simple examination of 
sketches which way the material should be plated, polar- 
ized and driven. Several examples are given in Fig. 6. 

Amplitude of Motion. The relative static change in 
length and thickness of elements is always very small. 
For most magnetostrictive materials, it never exceeds a 
few units of 10° even with very large values of magnetic 
static fields. For barium titanate ceramic, it is possible to 
reach static strains of about 10% with fields of about 10 
kv per cm, which is substantially more than what is ob- 
tained with quartz crystals. 

The amplitude at resonance in certain modes can be 
much larger, depending on how much the vibrating 
element is damped by its load or by its mounting. It is 
common to get mechanical Q’s of the order of several 
hundreds for transducers excited in thickness or longi- 
tudinal modes. This means that it is theoretically possible 
to get strain amplitudes of the order of 10° and 10° 
(A 1/l without dimension). Unfortunately rupture of the 
element often occurs before such enormous strains can 
develop. 

The largest motion amplitudes are obtained with trans- 
ducers operating in flexural or torsional modes. Fig. 7 
illustrates the case of a “straight bender.” If the bent 
element has approximately the shape of a circle for 
small displacements, A x = 2 Al X l/tor Ax/l=2 


— 


= 


Fig. 7—Piezoelectric “bender” element 
showing how small longitudinal strains 
result in relatively large bending motions. 
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A l/l & l/t. As an example, a strain of 5 & 10 


in each 
half of the bender element with a_ length-to-thickness 


ratio of about 100 (common value). A x/l = 2 * 5 
1lO> « 107 


10°*. If the element is 2 in. long. a lateral 
displacement of 20 mils results. This is under static 
conditions. At resonance, the amplitude can be even 
larger by a factor of ten or more. unless the element 
breaks before this amplitude is reached. 

In such elements as split cylinder, helical and spiral 
benders, the bending moment is a result of the curvature 
of the surfaces which render the polarizing and driving 
fields non-uniform. In addition, they have the advantage 
of resonating at very low frequencies for reasonable 
dimensions (40 cps for the lower limit of helical bender), 
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materials. 


and they have a very large length-to-thickness ratio for 
the vibrating body. Split cylinders have been driven at 
resonance with as much as 14-in. amplitude at 60 and 
100 cps without breaking. Static displacements of 40 to 
80 mils have been obtained with helical transducers sub- 


~ 


mitted to 500 volts d-c. Oo 
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Various effects caused by the relationship between driv 
ing field and permanent polarization field for ferroelectric 
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APPENDIX 


Frequency Constants for Various Modes 


Glossary of Symbols 
L=length of bar or rod, em 
{=thickness of plate or cylinder wall, em 

F’.,) =resonance frequency (nX1, 2,3... ), ke 

S=cross-sectional area, sq cm. 
R=radius (or mean radius) of disk, cylinder, sphere, cm 
EE = Young’s modulus, gm per sq cm 
0 Poisson’s ratio 
5 =specific mass, gm 
k =radius of gyration, cm 

Longitudinal Resonance of a Bar or Cylinder (Free or Center 


Clamped) 


Lis much greater than thickness, width or radius. 


n EB 


“OLN 6 


Barium titanate ceramic: Fo) XL 


p 


constant ~210 


Hard nickel: Fo.) XL =constant ~250 
Monel metal: Fy, Xx L=constant ~210 


Practical frequency range: 15 to 100 ke for barium titanate 
ceramic 
10 to 80 ke for magnetostrictive 
materials 


Thickness Resonance of a Plate or Cylinder 
(Wall Thickness, Free) 
tis much less than other dimensions 
n /E (i —g) 
Fon SM —— ; 
2t 6 (1l+e)(1 —2e) 
Barium titanate ceramic: F(,) XL =constant ~250 
Magnetostrictive materials: fi) X L =constant ~250 to 300 
Practical frequency range: 100 ke to 10 me for barium 
titanate ceramic 


20 to 100 ke for most magneto- 
strictive materials 


Radial Resonance of a Disk 
(Free or Center Clamped) 


R is much greater than thickness. 


x Eo 
ii devwencallil snenaenies 
2nRV 5(1—c?) 


Bulelex) 
where Z,, is obtained from ——— 1—6 
J1(Z,) 
First root: Z,=2.03 for 6=0.27 


203 / E 
and Fy, =——4/ — 
2rRV 5(1 —o’) 


Practical frequency range: 15 to 800 ke 
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Torsional Resonance of a Rod 
(Free or Center Clamped) 


ri 
ey ae 


Barium titanate ceramic: Fy) XL ~130 
Hard nickel: Fay XL ~155 
Monel metal: Fay XL ~130 


I 


4 
+o; 


Practical frequency range: 10 to 100 ke for barium titanate 
ceramic 
5 to 50 ke for magnetostrictive 
materials 


Radial Resonance of a Cylinder (Free) . 


Wall thickness is much less than R 


] k 

Ff =- \/ (no overtones) 
2rRV 5 

Barium titanate ceramic: F XR ~70 

Hard nickel: FXR ~85 

Monel metal: FXR ~70 


Practical frequency range: 8 to 1500 ke for barium titanate 8 


ceramic a 

1 to 550 ke for magnetostrictive ; 

materials 4 

Flexural Resonance of Thin Bar a 


(Center Clamped) 


tis much less than L 


2Zny*k /E 


ee ra 


with Z,,) defined as cos Z,,) ch Zn) +1=90 
First root Z.,) X 1.8750 (next values 


Z (2) = 4.6940 
Z 14) = 10.9956) 


2.236k /E 





[? 
Jarium titanate ceramic: iy) X*— ~950 P 
7 
L? 
Hard nickel: Fay X— ~1150 
k 
i? 
Monel metal: Fu) X— ~950 
k 
Practical frequency range: 1 to 20 ke barium titanate 
ceramic 
Split Cylinder + 


(Free or Clamped on Nodal Surfaces) 


L=total length of arc, cm 
{= wall thickness, cm 


PRR dark eh 


Barium titanate ceramic (experimental): 
L? 
F 1) X- ~160 
t 


Practical frequency range: 50 cps to 5 ke 


Se ORR NS 


Thickness Shear Resonance of a Plate 


RS 

& 

(¢ is much less than other dimensions) x 
n E if 


F a) ==- \ = aids 
2V 25(1 +0) : 
Jarium titanate ceramic: FF) Xt ~130 s 
Cannot be practically driven for magnetostrictive materials. 
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Practical frequency range: 100 ke to 5 me G 
“ Men ieee) hay en 
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Magnetic Amplifiers 
in Industrial Control Systems—Il 


The choice of signal comparing system often determines the performance of a mag- 
netic amplifier regulator. To provide a basis for selection, ampere-turn matching and 
voltage matching are described and compared. Circuits for typical applications are 


also discussed. 


ELECTRICAL MANUFACTURING 


Fig. 16—Front view of an 
adjustable-voltage system 
for use with a_ helper 
drive. A magnetic ampli- 
fier regulator (panel at 
top center) maintains 
constant torque from the 
drive motor. 


SINCE MAGNETIC AMPLIFIERS PROVIDE such a convenient 
means for comparing two or more signals, they have been 
applied as regulators in many industrial control circuits. 
With the fundamental discussions of Part I of this article 
(ELECTRICAL MANUFACTURING, November 1955) as a 


background, the mechanics of this signal comparison will 
now be examined. 


Magnetic-amplifier regulator circuits use two basic types 
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of signal-comparing systems. The first type is the ampere 
turn-matching, or mmf-matching scheme. The am- 
pere turns of the control winding are compared to the 
ampere turns of the pattern winding. The difference in the 
number of ampere turns determines the magnetic ampli- 
fier output. This system is used when the pattern signal 
and control signal are at different voltage levels or must 
be isolated electrically. Also, it is possible to compare 
signals from a number of sources merely by the use of 
additional windings. 

The selection of the number of ampere turns to be used 
in the pattern and control windings is based on: (a) lim- 
iting the number of control turns because of manufactur- 





Fig. 18—Reel-drive system for the wind-up at the end of a paper 
machine. Constant sheet tension is maintained by regulating for 
constant armature current. 


Fig. 19—Single-stage counter-emf speed regulator without damp- 
ing circuits. This is also described as a voltage regulator with 
IR-drop compensation. 


ing and time delay considerations; (b) keeping the con- 
trol power at low values to limit resistor and winding-wire 
sizes; and (c) maintaining good tracking of the control 
signal to the reference signal over the operating speed 
range. 

To provide an example, assume 10 amp turns are re- 
quired to give a magnetic amplifier output corresponding 
to full load at 100 per cent speed of the drive, and that 
1 amp turn is required to give full load at 10 per cent 
speed. If the pattern and control windings are each de- 
signed for 100 amp turns, at full load-100 per cent speed 
the magnetic amplifier will operate to maintain 90 amp 
turns in the control winding. Thus, there is a 10 per cent 
difference between the pattern and control signals. Simi- 
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larly, at 10 per cent speed, the magnetic amplifier will 
operate to maintain 99 amp turns in the control winding. 
This represents a 1 per cent difference between pattern 
and control signals. Thus, the regulated quantity will 
follow, or track, within 9 per cent over the assumed 10 to 
1 speed range. 

Similar reasoning will show that tracking is within 18 
per cent if 50 amp turns are used per winding, and within 
1.8 per cent if 500 amp turns are used. It has been found 
that for mmf-matching magnetic amplifiers, a figure of 
100 amp turns in the pattern winding will meet the drive 
requirements in the majority of cases. 

Voltage Matching. The second type of signal-com- 
paring system is voltage matching within a single control 
winding. In this system, a voltage cue from the regulated 
quantity is compared to a voltage cue from the reference. 
The difference voltage is applied to the single control 
winding. The resulting ampere turns determine the mag- 
netic amplifier output. 

This system eliminates the need for a second winding. 
Consequently, the single winding can have an increased 
number of turns of the same wire size. In general. a 
voltage-matching magnetic amplifier can be operated at 
lower control-power levels than the mmf-matching types 
for the same system gain. However, the regulated quantity 
cannot be isolated electrically from the reference source. 

The simplest type of magnetic amplifier regulator is 
one which regulates for constant armature current, Fig. 
15. This can be done by regulating the generator voltage 
or by controlling the excitation of a booster in series with 
the motor armature circuit. This type of regulator is used. 
for example, when a constant helper torque is required 
from the d-c motor. 

The bias winding is adjusted for minimum magnetic 
amplifier output with no other signals in the control 
windings. The pattern field winding is cumulative and is 
used to adjust for the desired armature current. The con- 
trol winding is excited in proportion to the armature cur- 
rent and is differential in its effect. The regulator operates 
to keep the difference between the pattern and control 
ampere turns to a minimum and, therefore, maintains 
essentially constant armature current for the given pattern 
field setting. 

A current regulator of this type, Fig. 16, would be 
applied to maintain constant torque on a motor connected 
to a machine whose speed is set by some other means. 
such as wet-end helper drives on paper machines. 

Voltage Regulators. Voltage regulators can be 
either single stage or two stage, depending on the required 
system accuracy. In general, when accuracy on the order 
of 1 per cent peak voltage is required. single-stage mag- 
netic amplifiers are used. 

A typical two-stage voltage regulator is shown in Fig. 
17. It has a steady-state system accuracy on the order of 
+0.1 per cent at highest voltage, assuming that there are 
no variations in the system reference. This regulator con- 
trols the generator voltage corresponding to a production 
speed range by means of the motor-operated rheostat. 
The reference voltage is obtained from a suitable constant- 
potential source. 


Voltage matching is used as the signal-comparing sys- 
tem in the first stage. Ampere-turn matching would be 
required if it were necessary to isolate the generator bus 
from the reference bus. The R-C circuit can be used for 
the armature-voltage damping loop because the first stage 
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operates primarily as a voltage amplifier, with very low 
control power requirements. The interstage damping loop 
is included to prevent oscillations that would result from 
the relative time delays of the first and second stages. This 
damping loop is not used when the a-c supply frequency 
is on the order of 400 cycles. 

Note that self-energizing windings are not used with 
this regulator. This is because the required dynamic gain 
cannot be obtained unless a two-stage magnetic amplifier 
is used, Without self-energization, the steady-state and 
dynamic gains are the same. With a two-stage regulator, 
the system gain can be adjusted to meet the steady-state 
accuracy requirements without the use of a self-energizing 
winding. The voltage regulator is applied wherever precise 
voltage control is required, such as on excitation gen- 
erators. 

Constant-Tension Regulators. Wind-up or unwind 
stand reel drives, in which the driving motor is directly 
connected to the core, must maintain a constant sheet ten- 
sion over the range of roll diameters. Since the sheet speed 
is constant and horsepower is proportional to the product 
of sheet tension and sheet speed, the motor must operate 
at constant horsepower as its speed changes due to the 
change in roll diameters. 

A reel-drive system for the wind-up at the end of a 
paper machine is shown in Fig. 18. In this system, the 
motor armature voltage is established proportional to 
machine speed. Constant sheet tension is maintained by 
regulating for constant armature current. Constant arma- 
ture current, in turn, is maintained by controlling the 
excitation to the motor shunt field as the roll diameter 
builds up. 

Speed Regulators. Speed regulators are classified as 
two basic types, counter-emf speed regulators and tach- 
ometer-feedback regulators. The simplest form of speed 
regulator is the counter-emf type. With this type of regu- 
lator, the magnetic amplifier controls the excitation to 
the generator in proportion to the desired speed. The total 
cumulative ampere turns are those supplied by the pattern 
winding and the /R-drop compensating winding. The dif- 
ferential ampere turns are supplied by the voltage-feed- 





Fig. 21—Circuit for an overriding current-limit regulator. This 
scheme is used when manual or preset control of speed is 
required for acceleration and deceleration. 
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Fig. 20—Pilot-generator feedback-type of speed-regulating mag- 
netic amplifier. This amplifier emplovs voltage matching. 


back winding. A single counter-emf speed regulator using 
magnetic amplifiers is shown in Fig. 19. This type of 
regulator is also known as a voltage regulator with /R- 
drop compensation. The /R-drop compensation is usually 
adjusted for less than 100 per cent compensation because 
the motor speed-torque curve is not a true straight line. 

Multiple generator drives for tandem cold-reduction 
mills use individual regulators of this type to supply 
excitation to each generator. The voltage regulator is a 
two-stage unit, with a third stage added to amplify the 
IR-drop compensating signals. The additional stages are 
required to assure proper tracking between sections as the 
entire reduction mill is operated over its duty cycle. 

The most common type of speed regulator is the tach- 
ometer-feedback type. With this type of regulator, the 
tachometer output voltage, which is proportional to the 
machine speed, is matched to a reference voltage through 
the magnetic amplifier. The magnetic amplifier, in turn, 
supplies controlled excitation to the generator to provide 
the correct speed. 

The basic circuits of an adjustable-voltage speed-regu- 
lated drive using tachometer feedback and a magnetic 
amplifier are shown in Fig. 20. The amplifier is the 
voltage-matching type. The pilot-generator voltage, which 
is proportional to speed, is matched to the reference volt- 
age. The difference determines the magnetic amplifier 
output to the generator shunt field. The self-energizing 
winding is used to obtain the required system steady-state 
gain. The damping transformer winding is used for 
stability. In this particular type of regulator, the pilot 
generator is separately excited. The connections to the 
pilot generator shunt field and to the reference rheostat 
are such as to minimize the effect of reference bus voltage 
variations on the system accuracy. 

Current-Limit Systems. There are two basic current- 
limit systems using magnetic amplifiers. These systems 
are current-limit override and current limit with field 
forcing. 

The simplest form of current limit is the overriding 
type, Fig. 21. This type of current limit is used when 
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manual or preset control of speed is required for accelera- 
tion and deceleration. The overriding current limit is 
used primarily to protect the rotating equipment and to 
give smooth operation during acceleration and decelera- 
tion. This is also known as the bias-type current limit, 
since the system is biased so that no current limit takes 
place until the armature current exceeds the value as set 
by the bias voltage. 

The current limit comes in only when the armature cur- 
rent exceeds a preset value, due to the speed-adjusting 
rheostat being moved rapidly enough so that the generator 
voltage changes faster than the load inertia allows the 
speed to change. During acceleration, the current limit 
acts to retard the rate of rise of generator voltage. During 
deceleration, the current limit acts to retard the rate of 
collapse in generator voltage. 





Fig. 24—Performance curves for a log-carriage drive using a 
field-forcing current-limit magnetic amplifier. 
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Fig. 22—Field-forcing current-limit regulator for a_ re- 
versing drive. There are two magnetic amplifier circuits 
here, but only one is in use at any particular time. 









Fig. 23—Inductor-type 
master switch used. 
with log-carriage drives. 


The input watts across the bias resistor are made inten- 
tionally high so that the signal from the armature circuit 
has little effect on the bias-voltage setting. This also results 
in obtaining the required bias voltage with a minimum of 
bias resistance. The bias power must be a low-voltage 
source, since its voltage is compared to the current signal 
from the armature circuit resistor. Bias power can be 
obtained from a separate three-phase transformer and 
bridge rectifier or from the series dropping resistor in a 
motor or exciter shunt field. 

The simple override current-limit magnetic amplifier 
can be modified to include a voltage feedback winding 
and an /R-drop compensating winding. The magnetic am- 
plifier is then a voltage or counter-emf regulator, with 
current-limit override. However, the addition of a voltage- 
feedback winding, since its effect is differential, requires 
that the system gain be increased to provide the same 
sharpness in current limit. Thus, with voltage-feedback 
current-limit systems, it is usually necessary to add damp- 
ing circuits and to use two-stage amplifiers to obtain 
sharp-cutoff current limiting. Where voltage feedback and 
reversing service are required, such as in mine hoist 
drives, the usual practice is to use forward and reversing 
first-stage magnetic amplifiers, and a rotating-amplifier 
such as the Rototrol for the second stage. 

It is possible, theoretically, to obtain sufficient gain for 
proper current limit with voltage feedback in a single- 
stage magnetic amplifier. However, the power level in the 
pattern and current-limit windings would have to be 
greatly increased. This would require the use of a high 
watt-capacity pattern-winding rheostat, a larger bias sup- 
ply, and a larger /R-drop resistor in the armature circuit. 

When a load must be accelerated and decelerated at 
rates up to the maximum capability of the drive units, the 
regulating system must provide both current limit and 
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field forcing. Field forcing overcomes the time delay in 
the generator field and, at the same time, forces the arma- 
ture current to the maximum value. The current limit 
monitors the amount of field forcing to protect the arma- 
tures and commutators. 

With non-reversing drives, current limit and field fore- 
ing can be obtained on acceleration and deceleration by 
using a single-magnetic amplifier. For reversing drives 
that require field forcing and current limit, it is necessary 
to use two amplifiers—one for forward operation and one 
for reverse operation. These can operate on individual 
fields in the generator or in the shunt field of a small 
reversing exciter that supplies reversible excitation to the 
main generator. It is usually more economical to use the 
reversing exciter system. The resulting reduction in mag- 
netic amplifier size usually offsets the increase in cost 
from the addition of the small reversing exciter. 

In a typical field-forcing current-limit regulator, Fig. 
22, both magnetic amplifiers are connected to a single 
field on the exciter. However, only one magnetic amplifier 
is in use at any one time. The output is paralleled into the 
other bridge rectifier but the series resistance limits the 
current that will be drawn by this rectifier. The exciter 
killer field is used to prevent residual voliages from caus 
ing the drive to creep when the master switch is in the off 
position. This type of regulator is used in log-carriage 
drive applications. 

The use of the smaller magnetic amplifier in the exciter 
shunt field permits the use of a smaller and more compact 
master control switch, because the smaller magnetic am- 
plifiers require less control power in their pattern wind- 
ings. The log-carriage-drive master control switch, Fig. 
23. consists of an inductor unit with an a-c output. The 
a-c output is obtained from the rotor. Its magnitude is a 
function of the rotor position, along one quarter of a sine 
wave. This permits true stepless control over the speed 
range. 

The a-c output from the inductor rotor is rectified and 
fed to the magnetic amplifier pattern windings. On log 
carriage drives the inductor output is differential so that 
maximum inductor output 
provides minimum generator 
voltage. Since maximum in- 
ductor output corresponds to 
the flatter portion of the sine 
wave. this system gives a 
smoother speed control of 
the carriage at the lower or 
sawing speeds. 

Typical test curves for the 
field-forcing current - limit 
magnetic amplifier system 
are shown in Fig. 24. These 


figures are for a log carriage 
drive using a mill motor of 
900 amp peak current, with 
the system inertia approxi- 


Fig. 26—Sectional drive for a pa- 
per machine incorporating a mag- 
netic amplifier regulator. This sys- 
tem includes a differential error- 
detecting unit. 


Fig. 25—Circuit for a magnetic amplifier controlling the output 
voltage of ignitrons on a hot-strip mill. 


mately 4 times the motor inertia, referred to the motor 
shaft. 

The curves of Fig. 24 show the effect of field forcing 
and current limit as the carriage speed is changed from 
full forward to full reverse. Starting at the 3 see point, 
the speed control switch was moved from full forward to 
full reverse. Field forcing caused the armature current to 
rise to approximately 900 amp within 0.5 sec. The current 
limit held the armature current between 800-900 amp 
until the carriage reached approximately 50 per cent of 
full reverse speed. The change in speed from full forward 
to full reverse took place in approximately 5.5 sec. 

Special Circuits. The circuits described so far cover 
the majority of the basic industrial drive systems. There 
are a number of special circuits that have been designed 
for particular systems or to provide a particular type of 











output characteristic. A typical special circuit is the 
magnetic amplifier system used to control the output volt- 
age of an ignitron that supplies adjustable voltage to the 
drive motors for a hot strip mill, Fig. 25. The magnetic 
amplifier operates as a voltage regulator by controlling 
the ignitron firing angle. The magnetic amplifier output 
controls the impedance of phase-shifting reactors in series 
with the ignitron firing circuit. The firing circuit in this 
case consists of a shunt capacitor and a series saturating 
reactor. Note that a voltage-matching magnetic amplifier 
is used. For applications that require isolating the refer- 
ence bus from the generator bus, an mmf-matching mag- 
netic amplifier would have to be used. 

Sectional Drive Regulator. A special magnetic am- 
plifier circuit used in conjunction with a differential error- 
detecting unit on a paper machine sectional drive is shown 
in Fig. 26. This regulator operates on the position prin- 
ciple, Fig. 27. Here, the revolutions of the regulated sec- 
tion are matched to the revolutions of a master set. The 
matching is done through a differential gearing system. 
The mechanical output from the differential gearing sys- 
tem is‘translated into electrical signals by the inductor 





Fig. 28—Successive curves show relay 
characteristics obtained by overtuning. 
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Fig. 27—Regulator of Fig. 26 oper- 
ates on the position principle as 
shown here. The revolutions of the 
regulated section are matched to 


the revolutions of a master set. 


and the pilot generator. The 
inductor unit, which is simi- 
lar to that used on log car- 
riage drives, provides the 
steady state position cue by 
virtue of its rotor position. 
The pilot generator provides 
the necessary forcing signal 
to maintain the correct sec- 
tion speed during transient 
periods. 

A two-stage magnetic amp- 
lifier is used. The steady- 
state, forcing and damping 
signals are fed to spearate 
control windings in the first 
or voltage-amplifier 
The output of the first stage 
is fed to the second or power- 


stage. 


amplifier stage. The power 
amplifier supplies the entire 
excitation 
the section generator. Thus, 
although the first magnetic amplifier stage has two input 


requirements of 


signals, the position signal is predominant in the steady 
state, while the pilot-generator or speed signal is pre- 
dominant during a transient. 

Stability in this circuit is achieved by three means. 
Interstage differential feedback through an LK circuit 
minimizes the effect of second stage time delay. The damp- 
ing transformer provides a signal to cancel the effect of 
generator field time delay. Third, armature current damp- 
ing is provided through a fairly strong 
ential series field. 

Relay Magnetic Amplifiers. A magnetic amplifier 
with a self-energizing winding can be calibrated so that 


generator differ- 


its operation is similar to a relay. That is, it can be 


arranged to pick up, or conduct at a certain value of con- 
trol ampere turns, and drop out, or cease conducting at a 
reduced value of control ampere turns. 

This characteristic is achieved by tuning the self- 
energizing field beyond 100 per cent. Fig. 28 shows how 
the magnetic amplifier output characteristic is altered for 
different values of self-energizing ampere turns. 

This type of characteristic is used in dead-zone regula- 
tors such as a tension-monitoring device. The relay mag- 
netic amplifier can also be used to initiate a sequencing 
system such as a stopping circuit when the initiating con- 
trol signal must be kept very small. A typical application 
would be an automatic stop of a core-driven reel on a 
sheet break. The initiating signal in this case could be a 
capacitor discharge into the relay magnetic amplifier 
control winding. 

These are the principle types of applications for mag- 
netic amplifier regulators in industry today. There are. 
of course, many variations on these basic circuits. It can 
be expected that these systems will continue to constitute 
the basis for further magnetic amplifier application. 
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Evaluating Electronic Components 


for Reliability Plus 


Numerical values are determined for five 
attributes of electronic components in the 
proposed RACER system of component 


evaluation described in this article. 


Weighting factors are assigned for the 
particular conditions under consideration. 
Evaluation is thereby put on a systematic 


basis. 


THE PROBLEM OF CHOICE of an electronic component or 
device for a particular application is no longer of the 
Hobson variety: Take the one that’s offered or do with- 
out. Despite this situation existing in fact, the design 
engineer’s choice of an electronic component or electron 
device is still likely to be decided by a not very systematic 
estimate based on personal familiarity, first cost or. 
Hobson-like, to be based on simple availability. This is 
not always so, of course. For instance, detailed evalua- 
tion techniques for reliability are recognized for com- 
ponents and for electronic devices such as electron tubes, 
transistors, and the like, in military applications and in 
certain commercial and industrial applications such as 
computers. (J ) * 

There are more aspects to component evaluation than 
three; and reliability is not the be-all and end-all of 
evaluation. At the present stage of development there 
are five basic criteria that may be distinguished and 
defined. They are: Reliability, Availability, Compati- 
bility, Economy and Reproducibility. For convenience 
in reference the initial letters of these five words are 
combined to form the word “RACER.” 

Each criterion of RACER has a positive and a negative 
connotation. For Reliability it is survival vs failure; for 
Availability, plenty vs scarcity; for Compatibility, ef- 
ficiency vs compromise; for Economy, profit vs loss; and 
for Reproducibility, interchangeability vs selection. None 


*Italic numerals in parentheses apply to Cited References at end of article. 
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of these attributes stands alone. As graphically indicated 
in the accompanying chart. each is related to the others 
and all are mutually interdependent. 

These five basic criteria may be defined in the follow- 
ing manner: 

Reliability is the probability of performance within 
specified tolerance limits, under a given range of operat- 
ing conditions, for a prescribed economic lifetime, and 
measured in terms of proportionate survival. 

Availability is the ratio of the quantity of the specified 
item certainly procurable on schedule to the quantity 
estimated as desired to satisfy the demand, with a bonus 
factor for more than one source of supply. 

Compatibility is the typical adaptability to efficient 
operation with companion components and devices in the 
same circuit, measured in terms of both inherent charac- 
teristics and mutual environmental effects. 

Economy is the reciprocal of relative total unit cost 
that includes purchase price, inspection, maintenance, 
depreciation and amortization for a stipulated Economic 
Life Time, (ELT) with due regard for both fiscal and 
physical factors. The evaluation may be expressed in 
terms of relative total cost for competitive units. 


Fig. 1—The very large number of components used in this 
Univac-120 punch card computer makes essential an effective 
component rating system to assure continued operation and 
freedom from component failure. 


11] 








Chart showing the relationship of the five criteria of the 
RACER evaluation system. Note that each one has a positive 
and negative connotation. 


Reproducibility is the degree of uniformity in manu- 
facture, with bonus factors for applicable quality control 
and with penalties for lack of applicable manufacturing 
control of essential characteristics and for zoning and 
selection. 

In these definitions, the term, Economic Life Time o1 
ELT means the minimum elapsed life in hours that is 
determined as a requirement for the particular com- 
ponent or device by competent management, civilian o1 
military. For a permanent component in an industria! 
product, this ELT may be ten years of daily 2-shift service. 
some 40,000 hr or more. For a guided missile application. 
it may be a few minutes, plus testing and warm-up time. 

While these five basic attributes are separately defined. 
it is immediately apparent that they have mutual inter- 
dependence to a considerable degree. For instance, re- 
liability is affected by compatibility factors in a direct 
manner. A familiar pulse operation circuit is that of ger- 
manium diodes d-c connected to provide plate loading of 
electron tubes. The tube is a high impedance generator 
and typically a voltage operated device. The crystal 
diode is characteristically a low-impedance device and 
typically current operated. To satisfy the requirement, 
high back resistance is demanded, straining the natural 
characteristic of the diode and adversely affecting not onl 
reliability, but also availability and, hence, economy. This. 
in turn, is similarly affected by the poor reproducibility 
that requires selection to obtain the desired characteristic 
of high back resistance—all this because of incompati- 
bility of application and circuit compromise in the first 
place. The alternative is low resistance plate loading, 
with greatly reduced efficiency, demanding a power tube 
and imposing lessened economy. For optimum conditions, 
impedance matching by pulse transformers is indicated 
with a quite different circuit design. 

On the other hand, the transistor in conjunction with 
the crystal diode illustrates a more positive aspect of 
this inter-relationship. Here reliability is favored because 
of the inherent compatibility of the transistor and crystal 
diode. They are intrinsically of the same nature. They 
are both relatively low internal impedance devices; both 
are current operated; reproducibility in manufacture 
(with lower back resistance demanded of the diode) is a 
lessoned problem. These factors improve availability and 
hence favor economy because transistor and crystal diode 
are compatible in the first place. 
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Although the inter-relationship of the criteria are illus- 
trated in both the positive and negative sense by these in- 
stances, they are still definitely identifiable as separate 
criteria so that for purposes of analysis and evaluation 
the five classifications are permissible and proper. 

It may be asked whether the five RACER criteria 
actually encompass all the essential attributes for evalua- 
tion. In discussions with engineers in several fields of 
application, the five criteria cited have not been found 
wanting in this regard. For instance, interchangeability 
is an important consideration. However, interchange- 
ability is more in the nature of a resultant rather than a 
basic attribute. Reproducibility is the primary attribute 
and interchangeability follows, being affected by how 
well or how poorly the device or component is reproduced 
in the manufacturing process. 

At this juncture, qualitative check-list application of 
the five criteria, Reliability, Availability, Compatibility, 
Economy and Reproducibility, is suggested as an intro- 
duction to use of the RACER System. It will be found 
thus useful in rule-of-thumb fashion. 

Quantitative Evaluation. Quantitative evaluation 
is not easy to plan, but it is essential. Even though the 
assignment of numbers to this system may be far from 
perfect and still halting in this early stage. by assigning 
numerical or percentile values we at least attempt to ex- 
press what we are speaking of in numbers and begin to 
know something about it. 

After the categories of evaluation have been established, 
the first step toward rating is to decide the number of 
erades in each category. There is a natural inclination 
to five erades for each criterion. There are a number of 
well established precedents for this, some elementary 
and ancient. some elegant and ultra-modern. As an ex- 
ample. for generations, grading in educational systems 
has ranged between perfection and failure in five grades: 
Excellent. very good, good, fair and poor. Perfection is 
impossible, of course, and failure is fatal. 

An example in the business field. there are five per- 
centage grades of “fit” cited in tabulations of product 
criteria evaluation for determination of suitability for a 
product diversification program. (2) This kind of sys- 
tematic evaluation also has its place in the field of opera- 
tions research. (3) The RACER system as proposed for 
industrial anvlication has five percentile grades for each 
criterion as listed in Table I. Provision is made for a 
weighting factor for each criterion rating. For commer- 
cial and industrial applications this factor for all five 
criteria has a value of 4, so that the maximum percentile 
for each is 20. However. for military applications. or 
others with greater weight on one criterion, the weighting 
would be higher, say 5, for Reliability and proportion- 
for Economy. If the item should be 


ately less. say 3. 
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Case History 


To ILLUSTRATE THE METHOD of using the RACER 
component evaluation system, a description is given 
of evaluating the relative merits of a solid state and 
a gaseous conduction device for use in the Univac-120 
Punch Card Computer. The selected device was to be 
used in a d-c switching application having a 40-ke repe- 
tition rate. The device was to be used in quantities 
numbering in thousands per week. 

The two devices, designated Type X and Type Y, 
were required for an Economic Life Time (ELT) of 
12,000 hr. From life test data, survival of 90 to 97 
per cent was predictable for Type X. giving it a 
percentile of 16 for Reliability; and over 97 per cent 
for Type Y, giving it a percentile of 20. 

Availability for Type X with no critical materials 
was over 100 per cent and from several sources, rat- 
ing 20 percentile points. Type Y however required 
critical material and, although available over 100 per 
cent had only one source of supply, giving it a 12 
point percentile. 

On Compatibility, Type X is strained in character- 
istics, requires compromise in circuit design, imposes 
inefficiency on the driving tubes and is unsuited in 
temperature rating to the environment. Hence, its com- 
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utterly unsuited in any criterion the rating would neces- 
sarily be zero and it should not be considered for use. 

Requirements, Specifications and Tests. Pre- 
requisites to the RACER rating procedure are the realistic 
determination of detailed operating service requirements 
on the one hand and detailed component or device specifi- 
cations on the other. Requirement and specification de- 
tails should mesh fairly well as a necessary preliminary. 

The requirements should be set down in a systematic 
manner that describe not only technical characteristic 
limits, with definite allowable tolerances, but also the 
economic time and monetary limits. Today, even in mili- 
tary circles, “Dollar Discipline.” with “the goal in terms 
of reliable units to be produced in announced quantities 
for a given dollar cost,” is duly regarded.(4) Hence, it is 
not enough to itemize only electrical and mechanical char- 
acteristics. Also to be included in the requirements are 
time and cost parameters which may be determined on 
the basis of allowable depreciation on the one hand and 
by competitive costing factors on the other. 

In a typical instance, costing may be set up on a basic 
5-year schedule for the end product, and on the basis of 
100 per cent annual replacement of electron tubes. This 
one consideration profoundly affects determination of the 
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patibility rating is 8. Type Y is compatible in all 
respects and rates 20. 

Type X has a cost factor of 1.0 and rates 20 for 
Economy, while Type Y has a cost factor of 0.68 and 
rates 14. 

Type X is manufactured with characteristics partly 
controllable so that some selection is necessary, but 
interchangeability is practical. Here we may apply 
a variation from the table figures, and give a repro- 
ducibility rating between 8 and 4, or 6 to Type X. 
Type Y, on the other hand, rates tops in all respects 
and receives 20 for Reproducibility. 

The accompanying table gives the summation of the 
percentile ratings. They are 70 per cent for Type X 
and 86 per cent for Type Y. Further proof of the 
reliability of the Type Y tube has been given by 
service experience. On one particular machine, in 
13,000 hr of actual operation, with a complement of 
some 1200 installed, Type Y experienced only 10 
failures of the device. 


RATING SUMMARY 





Type X Type ¥ 
Reliability 16 20 
Availability 20 12 
Compatibility 8 20 
Economy 20 14 
Reproducibility 6 20 
Rating “ 70 86 
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economic life requirement for tubes used in this equip- 
ment so that expensive premium types with a high sur- 
vival percentage at, say, 50,000 hr or more, may well be 
out-rated by a lower quality type with a predicted good 
percentage service survival of 5000 hr or so. 

Another prerequisite for the evaluation procedure is 
realistic life experience data on the components or devices 
that are to be rated. (5) These data should be obtained 
from actual service or from tests that closely simulate 
actual service conditions in the end product. The experi- 
ence that was had in early digital computer development 
when tubes operated on life test in the then conventional 
manner (approximately Class A drawing constant plate 
current), showed thousands of hours of life expectancy 
while tubes of the same type operated in on-off pulse 
circuits failed of emission in a few hundred hours. From 
this “sleeping sickness” symptom was developed a test 
for what has become recognized as interface resistance 
in thermionic cathodes. (6) Requirements and specifica- 
tions are both now well established in the military field 
for tubes and many components. A similar status is being 
approached in the industrial field, especially that area 
devoted to computers and data processing systems. 

Life data must necessarily be realistic and trustworthy 
as to source. If they cannot be accepted as supplied by 
the device or component producer, then the tests must be 
made for the application by the prospective user. This is 
a time-consuming and necessarily expensive process and 
the temptation is to do the job inadequately or to escape 
it altogether. But some opportunities for minimizing the 
burden do exist. 

With some types of devices, such as gaseous conduc- 
tion glow-type tubes, legitimate procedures for accelerated 
life tests are available and are quite well known. (7) 
These accelerated life tests for glow tubes may be used 
with proper caution. Also, in the case of vacuum tubes, 
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a system of shorter-period life tests, such as 500 or 1000 
hr, may be used statistically to evaluate long-life quality. 
(8) Significant transistor life experience is just becoming 
available. (9) 

Weighting factors for greater emphasis on reliability 
and proportionately lessened emphasis on other factors, 
especially cost, have been pointed out as properly appli- 
cable for military applications of RACER rating. For 
this discussion, however, equal weighting of all five 
attributes for industrial applications only are exemplified, 
although even within the electronic industry different 
weightings may be found advisable. 

Reliability Rating. As stated in its definition, re- 
liability is evaluated in terms of survival. Specifically, i 
is stated as a percentage of a total survival at the end of 
a stipulated economic lifetime, the ELT being usually in 
hours of required life. Table II for reliability rating 
represents typical survival proportions encountered with 
industrial equipment and is subject to revision to suit 
different requirements. The fifth range, survival 30 to 50 
per cent of ELT, includes the 36.8 per cent figure that 
represents the proportion of survivors for statistical mean 
time life L that would occur if the Economic Life Time 
and the statistical mean time should happen to coincide. 
However, the actual survival percentages of interest in 
most industrial applications are considerably higher than 
this, as will be shown. 

Availability Rating. This rating is specified in terms 
of demand-to-supply ratio and whether essential materials 
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are critical. This is listed in Table II]. The critical ma- 
terials factor is also subject to variation. Certain mate- 
rials such as nickel, steel, copper and aluminum are 
allocated as critical (albeit generously) and might become 
unobtainable for civilian industrial products in an emer- 
gency. Also, certain other materials are, by their very 
nature, always more or less in short supply. Although 
this seems to be an important consideration for industrial 
applications, it may be less so for the military. 
Compatibility Rating. Compatibility categories are 
determined on the basis of the intrinsic characteristics 
of the component or device and its suitability to the re- 
quired environment. As shown in Table IV a device in- 
trinsically compatible in all characteristics, but unsuited 
to its environment is rated lower than one which might 
be intrinsically suited only in critical characteristics. 
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but entirely suited to the environment. This derating for 
environment unsuitability is typified by certain devices 
such as germanium transistors which have admirable 
characteristic compatibility, but have an upper tempera- 
ture limitation of 85 C at the most and actually some- 
what less in some applications. 

Economy Rating. The Economy rating is obtained by 
taking the ratio of the lowest cost unit to cost of the 
unit being rated, and multiplying this ratio by 20 to 
obtain the percentile figure. In determining this rating, 
we must have not only the Economic Life Time and sur- 
vival time for the unit being rated in hours, but also 
valid cost figures that probably will require consultation 
with the sales purchasing and service departments. If 
survival time is less than ELT, the replacement unit cost 
is included in maintenance. This is shown in Table V. 

Reproducibility Rating. The reproducibility rating 
parameters (Table VI) require information best ob- 
tained from the incoming inspection department. It may. 
in turn, have to check the manufacturer on whether ap- 
plicable control in the production of the device or com- 
ponent is being exercised. (10) Reproducibility, which 
determines interchangeability and definitely affects reli- 
ability, is often the least appreciated and most ignored 
area of evaluation by engineers. Its importance cannot 
be overemphasized. 

Evaluation procedures in the past have relied largely 
on intuition. The intuitive method must be based on 
knowledge. for intuitive decision is by judgment sprung 
from almost automatic recollection of what the individual 
has learned from his experience. The electronic industry 
has grown so greatly and is still growing so fast that 
there are not enough engineers available with this ac- 
cumulated experience to supply all the intuitive evaluation 
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answers demanded. Even sound intuitive evaluation needs 
a set of criteria for its formulation. This need has stimu- 
lated the devising of the criteria of Reliability, Avail- 
ability, Compatibility Economy and Reproducibility 
for its fulfilment. O00 
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Standards for D-C Machines 


Increasing use of d-c motors plus changes in types of applications prompts NEMA to 


modernize standards. Impact of new d-c motors on equipment design will match that 


already created by appearance of updated a-c frames. Users can look to smaller sizes, 


consolidated horsepower and speed ratings. and dripproof. Class B construction as the 


design ““minimum.” 


TO MODERNIZE ITS COVERAGE of d-c motors and genera- 
tors, the National Electrical Manufacturers Association 
has recently added a number of “Suggested Standards for 
Future Design” to Publication No. MG 1-1955. The ma- 
chines that will come as a result of the new standards will 
differ significantly from d-c equipment of the present. 
For example, d-c motors will be smaller and will operate 
at higher temperatures and terminal voltages. In addition, 
the tables of horsepower and speed have been completely 
rearranged to eliminate the excessive number of designs 
now listed. Such changes imply that the new standards 
will have much the same impact on the design of machines 
as did the recent revisions in NEMA a-c 


Sizes. 


motor frame 


When the continuing importance of d-c machines in 
industrial-equipment drives is considered, most will agree 
that the efforts involved in updating d-c design are well 
expended. In spite of the almost universal use of a-c power 
systems, the use of d-c motors has been steadily increasing 
in recent years. At the same time, there have been changes 
in the methods of applying such machines. Most d-c 
motors, for example, were powered formerly from con- 
stant potential d-c buses. Presently, individual adjustable- 
voltage generators power the great majority of d-c motors 
in new applications. 

This change in usage was prompted mainly by the need 
for improvement in drive performance created by the 
trend in equipment design toward higher output and 
better quality control. Much wider speed ranges are avail- 


* Above article is based on the paper, “‘New NEMA Standards for D-C Motors 


and Generators,’’ presented at the AIFE Fall General Meeting, Chicago, II! 
Oct. 3-7, 1955. 
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able with an adjustable-voltage system as compared with 
a maximum of 4:1 to 8:1 with a constant-voltage system. 
Many drives too, require constant torque over a speed 
range, and the d-c motor operating from an adjustable- 
voltage source is best suited to such applications. When a 
drive frequently starts, stops or reverses, there is a large 
power loss during each accelerating and decelerating 
period in a system using a d-c motor on constant voltage 
or an a-c motor on constant frequency. This power loss 
can be eliminated with an adjustable-voltage d-c system. 

Large drives, such as for paper-making machines. print- 
ing presses and rolling mills, can be sectionalized, with 
each section separately powered by its own motor. The 
relative speed differentials between the sections can be 
maintained accurately over a speed range with an adjust- 
able-voltage d-c system. Higher efficiency is obtained 
when the m-g set is located close to the motor (possible 
with individual generators) because distribution losses 
are reduced. The expensive and bulky starting equipment 
required for large d-c motors on constant-voltage systems 
is not needed on adjustable-voltage systems. As will be 
seen, many of the new standards are aimed at making d-c 
machines more suited to these types of applications. 

Industrial D-C Motor. A new definition has been 
adopted as a NEMA standard: “An industrial d-c motor 
is a d-c dripproof motor having a continuous rating and 
designed, listed and offered in standard ratings with 
standard operating characteristics and mechanical con- 
struction for use under usual service conditions without 
restriction to a particular application or type of applica- 
tion. 
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Table I—Standard Horsepower and Speed Ratings for Industrial D-C Motors 






bx. 








4 Base speed, rpm 
s) | Hp at 300% 
Hp at base | base speed 3500 2500 1750 * = 1150 850 650 500 400 300 
» ppeed—(See)| and higher - - - - _ — atRe — . ccc aeceetaa 
» note) speeds Speed by field weakening, rpm Voltage 
| ! aa 
% | 65 3000 2600 | 2000 1600 
yi 1 | 3200 3000 2600 2000 | 1600 
1 ne | | 3500 | 3200 2800 2600 2000 1600 | 120 
14 2 | 4000 | 4000 | 3500 | 3000 2800 2600 2000 | 1600 | and 
2 2.6 | 4000 | 4000 3300 | 3000 2600 2600 | 2000 | 1600 1200 | 240 
3 4 | 4000 | 3700 | 3300 | 2800 2600 2800 2000 =| «+1600 | 1200 = ‘| 
5 | 6.5 3700 | 3700 | 3000 | 2800 2600 2400 | 2000 | 1600 | 1200 | 
7™% | 10 3500 3500 | 3000 | 2800 2600 2400 | 2000 1600 | 1200 | 
10 | 13 3500 | 3500 3000 «=| 2800 2500 2200 | 2000 1600 1200 | 
15 20 3500 | 3300 | 3000 | 2600 2500- 2200 | 2000 | 1600 | 1200 | 
20 | 26 3500 | 3300 3000 | 2600 2400 2200 1800 | 1600 1200 | 
mm 8625 33 | 3100 3000 | 2600 2400 2000 | 1800 | 1600 1200 * | 
= 630 40 3100 3000 | 2600 2400 2000 1800 1600 1200 | 
m 40 52 3100 2700 +| 2400 2200 2000 | 1800 | 1600 1200 | 
» 50 65 2700 2400 2200 1800 | 1800 | 1600 1200 | 
> 60 | 80 2400 2200 2000 18900 | 1600 | 1600 | 1200 | 240 
75 100 2400 2200 2000 1800 | 1600 1600 1200 | 
100 130 2200 2000 1800 | 1600 | 1600 | 1600 1200 
125 | 185 | 2000 | 2000 1800 | 1600 | 1600 1600 | 1200 
» 150 200 2000 | 2000 1800 1600 | 1600 1600 
" 200 260 1900 | 1800 1700 =| 1600 | 1600 ae | 


Note: Industrial d-c motors shall be capable of carrying a load equal to 1.15 times the base-speed horsepower rating 
when operating at base speed. They shall be capable of carrying a load equal to 1.3 times the base-speed horsepower 
rating when operating at 150 to 300 per cent of base speed. 

When an industrial d-c motor is operating at the loading described in this paragraph, its operating characteristics, 


such as efficiency, temperature rise, etc., may differ from those specified when the thotor is operating at the base-speed 


rating. 


(NEMA Suggested Standard for 
ae ee ae 


One of the significant features of this definition is that 
it specifies the dripproof enclosure as compared with the 
“open” enclosure of the general-purpose motor definition. 
It had been found that at least a dripproof enclosure was 
required in a high percentage of applications to ade- 
quately protect d-c machines located in the average en- 
vironment. The previous standards recognized dripproof 
d-c machines as an alternative with higher temperature 
rises than open machines and with no service factors 
applying to their ratings. Therefore, the new standards 
provide better protection while still retaining the service 
factor of the general-purpose motor. 

This new definition was added to the standards in 
preference to modifying the “general-purpose motor” 
definition, partly because the old definition was still ap- 
plicable to present day a-c motors without change. Also, 
it seemed desirable to infer in the title that these d-c 
motors were suitable for industrial use but not in the 
general-purpose sense that is associated with squirrel-cage 
induction motors. D-c motors are applied for special 
purposes, 

Motor Voltage. The standard voltages for integral-hp 
d-c motors have been 115 and 230 volts. Since the stand- 
ard d-c generator voltages were 125 and 250 volts. this 
allowed 10 and 20 volts, respectively, for line voltage 
drop. These were realistic values in the days of large d-c 
distribution systems where the motors and generators 
were frequently located a considerable distance apart. 
However, most drives today have individual m-g sets 
located near the d-c motor so that the cable voltage drop 
is obviously much less than these values. Even, in plants 
having constant-potential d-c systems, it is found that the 
average voltage at the motor terminals is 244 volts. with 
a maximum of 250 and a minimum of 226 volts. 
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Therefore, a Suggested Standard for Future Design has 
been added to the NEMA standards to rate d-c motors at 
120 and 240 volts. This reduced the allowance for line 
drop to 10 volts for the higher voltage systems, which is 
more than adequate for most applications. It was decided 
that it would be better to change the standard motor volt- 
ages rather than the generator voltages for two reasons. 
First. if a d-c motor rated 240 volts is applied on a 230- 
volt system, it will run slow, but can be easily speeded up 
by weakening the field. Secondly, new generators will 
have to operate in parallel with older 250-volt generators 
in certain instances and must be capable of continuously 
producing this voltage without over-heating the fields. 

The 120-volt rating is standard for motors only to 10 
hp; 240 volts is standard for all motor ratings. 

Motor Horsepower and Speed Ratings. [or a 
number of years the NEMA standards have recognized 
two types of d-c motors: constant speed and adjustable 
speed. Separate tables of horsepower and speed ratings 
were listed in the standards, and the horsepower ratings 
for each type were established on a different basis of time 
and temperature rise. 

The constant-speed motors were rated with very limited 
speed ranges by field control for a minimum of 1:1 to a 
maximum of 2:1. Ratings were given for each of the fol- 
lowing base speeds: 100. 150, 200, 250, 300, 350, 400. 
450. 500, 575, 690, 850, 1150, 1750 and 3500 rpm. Open 
motors were rated continuous, 40 C rise with Class A 
insulation and a 1.15 service factor. Motors with drip- 
proof enclosures were rated 50 C with no service factor. 

The adjustable-speed motors had three tables of ratings 
for the three speed ranges of 3:1, 4:1 and 6:1 by field 
control, with appropriate base speeds chosen from the 
above list. Adjustable-speed motors had two horsepower 
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ratings which were always two of the adjacent values in 
the following list: Yo, 34, 1, LY, 2, 3, 5, Te, 10, 15, 20, 


25, 30, 40, 50, 60, 75, 100, 125, 150 and 200 hp. The 
lower horsepower rating for open motors corresponded to 
the continuous, 50-C rise rating at base speed with Class A 
insulation, no service factor and, also, to the continuous, 
40-C rise rating at 150 per cent base speed. The higher 
horsepower rating was for continuous. 40-C rise at 300 
per cent base speed and higher speeds. Between 150 per 
cent and 300 per cent base speed, the standards specified 
a linear increase in horsepower with speed between these 
two horsepower values. The rating of dripproof adjust- 
able-speed motors was not covered by the standards. 

~ TEFC adjustable-speed motors were rated on the same 
dual horsepower basis, where the lower value was a |-hr, 
55 C rating from base to 150 per cent speed; at 150 per 
cent speed it became the continuous, 55 C rating; at 300 
per cent and higher speeds, the larger value was the con- 
tinuous, 55 C rating; and between 150 and 300 per cent 
speed, the continuous, 55-C horsepower rating varied 
linearly with speed. This rather complicated rating system 
for adjustable-speed motors was an attempt to recognize 
the inherent increase in rating from a heating standpoint 
possible with increased speed. Unfortunately, the uneven 
steps between standard horsepower ratings, ranging from 
20 per cent to 67 per cent, does not in all cases represent 
a reasonable increase. 

Table I shows the newly adopted Suggested Standard 
for Future Design listing 156 horsepower and speed rat- 
ings for 240-volt d-c motors. This compares with the four 
tables listing 502 different ratings which have been the 
standards for these motors. The new standard does not 
classify the ratings as constant-speed and adjustable- 
speed, but groups them all together. The differentiation 
previously made was rather artificial as the construction 
of the two types was similar. It was felt that there is little 
demand for constant-speed motors having a low base 
speed; therefore the standard motors with low base speed 
should be designed for adjustable-speed operation. Such 
motors would also be suited to those few applications 
where little or no speed range is needed. A precedent had 
existed in the standards for the combination of constant- 
and adjustable-speed motors in the section pertaining to 
d-c motors larger than 200 hp, where ratings with low 
base speed were listed only as adjustable-speed motors. 

The new standard eliminates many previous duplica- 
tions, such as 2-hp, 500-rpm base speed which had been 
listed four times with top speeds of 1000 rpm (constant- 
speed), 1500 rpm, 2000 rpm and 3000 rpm (adjustable- 
speed). In Table I, any given horsepower and base speed 
rating appears only once. For the motor just cited a 
2000 rpm top speed is given. 

An attempt has been made to make the new top speed 
ratings consistent with the inherent mechanical and elec- 
trical limitations in motors of various sizes but of similar 
construction. Some of the old ratings required special 
construction to operate successfully at rated top speed, 
while others did not utilize the full capabilities of the 
motor. Because the speed range is not limited to the pre- 
vious standard values of 3:1, 4:1 and 6:1, more choice in 
speed range is given in the new table than in the old, even 
with fewer total ratings. For instance, at 5 hp there are 
seven possible speed ranges listed as against a previous 
choice of four (considering the constant-speed ratings as 
one choice). The maximum speed range in the new table 
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is 4:1. While the old table showed ratings of 6:1 speed 
range, it was felt that motors of this range generally re- 
quired special construction and their small usage did not 
warrant listing them as * 

One new base speed rating was added at 2500 rpm to 


‘industrial” d-c machines. 


fill in the previous large gap from 1750 to 3500 rpm. 
Little need was seen for the base speed ratings of d-c 
motors to correspond to a-c induction motor speeds (only 
a few applications require interchangeability ). Thus. this 
was ignored in making the new table. The 575-rpm and 
690-rpm base speed ratings were combined in a new 650- 
rpm rating. Base speed ratings of 100. 150, 200, 250, 350 





ee 
x 
i 

é 





—__—$—$$ $$ 


Variation in permissible output with speed of industrial 
d-c motors when speed is changed by field control. The 
70-c rise curve applies to totally enclosed machines, the 





60-c rise to dripproof construction. 
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and 450 rpm were dropped. It was felt that below 300 
rpm, the usage is so small as to take such ratings out of 
industrial 
dropped were intermediate to ratings retained and the 


the category of motors. The other ratings 
steps between them were closer than necessary considering 
the adjustability of d-c motor speed. The steps between 
adjacent base speed ratings vary from 33 per cent to 52 
per cent, as compared with a variation of 11] per cent to 
100 per cent in the old table. 

All the motors listed in Table I have the continuous. 60 
C rise horsepower rating at base speed shown in the left- 
hand column. This rating, based on the use of Class B 
insulation, has a service factor of 1.15 at base speed. This 
provides extra leeway in the base speed rating in two 
ways. Previously, open adjustable-speed motors had no 
service factor at base speed; and neither constant- nor 
adjustable-speed motors had one when built with drip- 
proof enclosure. 

It was noted that when motors were operated above 


base speed by field control, the thermal capabilities fol- 


- ELECTRICAL MANUFACTURING 


ae 





re- 
10t 


to 
m. 
d-c 
ily 
his 
nd 
>0- 


50 





trial 
The 
the 


300 
t of 
ings 
the 
ring 
yveen 
» 52 


it to 


;. 60 
left- 
3S B 
This 
two 
1 no 
nor 
irip- 


bove 


- fol- 


JRING 


lowed the curve shown for 60 C rise, on the accompanying 
chart. This curve was regarded as approximately correct 
for most of the sizes and base speed ratings under con- 
sideration. Accordingly, the new standard states thai 
when operating between 150 per cent and 300 per cent 
base speed, the service factor shall by 1.30. For 300 per 
cent and higher speeds (where the rating includes a speed 
range that wide), a new continuous, 60 C rise horsepower 
rating is established. These are listed in the right-hand 
column of Table 1, and are approximately 1.3 times the 
base speed values. This new sysiem has some advantages 
over the old tapered-rating system. Ratings are established 
for one temperature rise only for each enclosure. The 
high-speed ratings are more nearly consistent with the 
inherent heating characteristics of the motors. and do not 
require designing each machine to meet an artificially 
established value. 

Generator Kw and Speed. A fresh concept was 
used in establishing the new table of standard d-c genera- 
tor ratings. The old tables had listed standard ratings of 
3%, 1, 1%, 2, 3, 5, 7%, 10, 15, 20, 25, 30, 40, 50, 60, 
75, 100, 125, 150 and 200 kw. These are the same num- 
bers used in the motor-horsepower tables, and had been 
arbitrarily chosen as a reasonable series without con- 
sideration of their most popular modern usage. namely 
the supplying of power for adjustable-voltage d-c motor 
drives, usually involving a single motor. With this idea in 
mind, the power necessary to supply the standard d-c 
motor ratings was calculated as shown in Table II, using 
typical values of motor efficiency. 

\pproaching the problem from another angle, the out- 
put available from standard a-c motors using typical gen- 
erator efliciencies was calculated as shown in Table III. 
The values chosen were a compromise between the theo- 
retical values obtained by these two methods and. for- 
tunately, satisfy both conditions quite well. The 1.15 
service factor of both the a-c motor and the d-c generator 
can take care of any of the small mismatches. 

The major advantage of this method of rating d-c gen- 
erators is shown in Table IV where both old and new m-g 
set ratings are given for single d-c motor drives of stand- 
ard horsepower. In 13 of the 20 cases, the generator rating 
is less than formerly. In 11 of the 20 drives the a-c motor 
has been changed to the next smaller rating. The old 
values had been chosen as the nearest larger standard 
generator rating required by the d-c motor, and the near- 
est larger a-c motor to supply the full nameplate rating of 
the generator. Thus, there had been a considerable penalty 
imposed on these drives by the standard kilowatt ratings 
of d-c generators. The oddly numbered kilowatt values in 
the Suggested Standard for Future Design have real merit 
for this type of application, and will provide as good a 
series of ratings for other applications, such as exciters, 
as did the old values. 

The standard speed ratings in the old tables had in- 
cluded all the 50- and 60-cycle synchronous speeds down 
to 75 rpm and most of the induction motor full-load 
speeds, for a total of 825 ratings to cover the range of 34 
to 150 kw. Many of the lower speed ratings were seldom 
used. It was felt that the listing of separate ratings for 
synchronous and induction motor drives was unnecessary. 
In these sizes most d-c generators will be driven by in- 
duction motors. If a user drives them instead with a 
synchronous motor, he will be able to get slightly higher 
voltages if he wishes, but there is no disadvantage from 
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Table !I—Generator Power Required to Supply 
Standard D-C Motors 


D-C motor Assumed motor Required Proposed 
ho effic. motor kw gen. kw 
%4 75 0.746 34 
1 75 0.991 1 
1 80 1.4 1 
2 80 1.87 2 
3 82.5 2.72 3 
5 85 4.39 45 
7 85 6.6 6'5 
10 87.5 8.52 9 
15 87.5 12.8 13 
20 87.5 17.1 17 
25 87.5 21.3 21 
30 90 24.9 25 
40 90 33.2 33 
50 90 41.5 40 
60 90 49.8 50 
75 90 62.2 65 
100 90 83 85 
eh 125 90 103.5 100 
sigh 150 92.5 121 
pe 200 92.5 161 
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Table Ili—Generator Power Available with 
Standard A-C Drive Motors 































A-C motor | Assumed generator Theoretical Proposed 
hp effic. gen. output, kw gen. rating, kw 
1 75 0.84 % 
2 77.5 1.15 1 
3 82.5 1.85 114 and 2 
5 85 3.18 3 
7's 85 4.76 4% 
10 87.5 §.53 6'4 
15 87.5 9.8 9 
20 87.5 13.1 13 
25 87.5 16.3 17 
30 90 20.2 21 
40 99 26.9 25 
50 90 33.6 33 
60 90 40.3 40 
75 90 50.3 50 
100 90 67.2 65 
125 92.5 86.4 85 
150 92.5 103.5 100 
200 92.5 138 125 
92.5 


Table !V—Standard Motor-Generator Set 
Ratings for Single D-C Motor Drives 


D-C generator ratings, kw _A-C drive motor, hp 








D-C motor, hp Present Proposed Present Proposed 









34 34 
























> 


such operation. Table V shows the combination of kilo- 
watt and speed ratings appearing in the new standard, a 
total of 95 ratings. 

The tables of standard motor-generator set ratings in 
Part 13 of the NEMA standards have been revised in ac- 
cordance with the above changes in d-c generator ratings. 
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for D-C Generators and Exciters 





Speed, rpm 





» 
a 


RRRRRARKFRKRKRRKFKKRRKKK EHR 


0 1150 1450 1750 3450 


“ “ 


Re ereeene 


eaemrneeaenearneneaes & 


“ 
“ 
“ 
“« 
~ 
.- 
. 


Rene ereeern 





insulation and Temperature Rise. Perhaps the 
part of the new standards of most general interest is that 
which establishes Class B insulation with a temperature 
rise of 60 C for the industrial (dripproof) motors and 
generators. The previous NEMA standards had long rec- 
ognized Class B as one of the acceptable groups of insu- 
lating materials and had shown the usual temperature rise 
values to be used with it the same as ASA, AIEE and 
other corresponding standards. These temperature values 
of 70 C for open machines and 75 C for totally enclosed 
machines did not provide for any service factor. The 
definition of a general-purpose motor describes it as Class 
A insulated with a 40 C temperature rise. Thus, this new 
step represents a sharp break with tradition for this type 
of equipment and a divergence from the present practice 
of the related line of general-purpose a-c induction 
motors. 

The chief argument in favor of using Class B insulation 
and a higher temperature rise is that it results in a smaller 
machine. This means that less space need be provided for 
a given rating: that the machine will weigh less: the 
inertia of the armature (Wk?) will be less; and the 
response, faster. These last two points are especially im- 
portant, for many applications of d-c motors require fre- 
quent and rapid starts, stops. reversals and changes of 
speed. All of these factors are important to the user. In 
addition, the reduction in the amount of material helps 
the manufacturers meet the problem of ever-increasing 
cost of material and labor. Sufficient progress in the art 
of designing d-c machines has been made that the reduc- 
tion in size can be without sacrifice of commutating 
ability. 

Considerable recent development work on Class B ma- 
terials encouraged the D-C Motor and Generator Subcom- 
mittee to choose this class. Of particular interest is the 
development of wire enamels capable of operating at Class 
B temperatures. This holds much promise of further re- 
ducing the size of machines below that required with glass 
fiber or asbestos covered wire. 

The choice of 60 C rise for these new Class B machines 
is based on the revision currently being made in Table | 
of ASA Standard C50, The ASA table shows this value to 
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be used for “general-purpose and other generators and 
motors having a 1.15 service factor.” This service factor 
has been a part of the rating of general-purpose motors 
for many years and is intended to compensate for the fact 
that the exact service conditions to which such motors are 
subjected are uncontrolled and not easily determined. 
This is perhaps not so true in the case of d-c motors as for 
a-c induction motors, but there is another good reason for 
having a service factor at rated speed for d-c motors. As 
mentioned above, most d-c motors are today applied on 
adjustable-voltage systems and therefore will operate dur- 
ing a part of the duty cycle below base speed. Self-venti- 
lated motors will tend to run hotter at lower speeds be- 
cause of the reduced amount of cooling air. The service 
factor can, therefore, be very useful in providing a margin 
of safety for operation below base speed. 

In general, it was felt that Class B insulation as such 
was as acceptable to motor users as Class A insulation. 
In fact, many product designers today pay a premium to 
obtain machines with Class B insulation. One of the chief 
concerns about the higher temperature rating seemed to 
be that maintenance personnel would not be familiar with 
machines capable of operating at these temperatures and 
would be inclined to think a machine was overloaded 
when using the “feel” test on the outside of the frame. 
Designers were also afraid that the frame temperature 
might be high enough to cause burns. 

Neither of these factors seem to pose much of a problem 
since the increase of frame temperature will be small 
compared with the increase of the winding temperatures. 
In fact, with improved ventilation the frame temperature 
may be no higher than on present Class A, 40 C machines. 
Class B insulation at even higher temperatures has been 
standard for many years in land:transportation equipment 
and for steel mill auxiliary motors. Although both of these 
applications are extremely heavy duty, Class B insulation 
has proved to be very reliable. There also seems to be a 
trend for foreign manufacturers to go to higher tempera- 
ture ratings. 

Totally enclosed machines in this new line will be rated 
continuous, 75 C rise in accordance with existing stand- 
ards. Previously, the NEMA standards for adjustable- 
speed TEFC motors provided only a l-hr rating at base 
speed, which has been a severe limitation for many ap- 
plications. 

Other Changes. NI}MA Standards have frame assign- 
ments for most a-c induction motor ratings. Previously 
there were frame assignments for d-c motors for the 
smaller frame sizes. However. before this program of 
major revisions to the standards was undertaken, the 
frame assignments for d-c motors were rescinded. The 
possibility of making new frame assignments in line with 
the other new standards was considered by the committee. 
However, it was felt that there was very little need for 
such standardization and, therefore, no frame assignments 
for the new ratings are contemplated at present. As a 
result of the changes in rating methods and the higher 
temperature rise, certain revisions in the standards per- 
taining to performance characteristics are being made. 
These have not been completed at this writing but do not 
appear to be seriously different from the old standards. 
There will be a larger change in the full-load speed of 
motors (and voltage of generators) during the warming- 
up period. Most of the other changes, however, are only 
modifications to suit the new methods. O 
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Applying Punched Cards 
to Time-Based Programming 


Heretofore, control of position has been 
emphasized as the primary field for 
punched-card techniques. A newly de- 
veloped system now proves that card 
input is equally applicable to automatic 
cycles established on the basis of time. 
Besides flexibility, the Time-Based Pro- 
grammer can bring reduced cost and bulk 


to extensive timing systems. 
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TIME IS ONE OF THE MOST FREQUENTLY USED BASES for 
establishing the sequence of operations in automatically 
controlled equipment. For this reason, the synchronous 
timer has achieved considerable prominence as a key 
component in the majority of control systems. The field 
of application ranges from household appliances, such 
as clothes and dish washing machines, to heavy industrial 
equipment. In the former, a single synchronous timer 
is sufficient to adequately control the process. Industrial 
equipment, however, may require a battery of synchro- 
nous timers, one for each stage of the operating cycle. 
The major reason for the use of individual timers is to 
provide flexibility. The duration of each step can be 
adjusted independently without affecting the rest of the 
cycle. 

The practice of using many individual timers in mul- 
ticycle equipment can lead to control panels that carry 
a multiplicity of timing equipment and associated wiring. 
It was the large size and expense of such panels that 
prompted the Industrial Timer Corporation, Newark, 
N. J., to develop the Model TM-3 Time-Based Program- 
mer, Fig. 1. With this single unit, each of 10 external cir- 
cuits can be selectively energized for any period of time 
from 1 sec to 30 hr. Only two synchronous timers are 
used in the control to provide this wide selection of in- 
tervals. A conventional control panel would require an 
enormous array of individual timers to achieve equal 
flexibility. 

In addition to the reduction in the number of timers 
involved, the new control unit offers a second major 
benefit. This is the flexibility provided by a punched-card 
mechanism that determines the program of operations 
of the associated equipment. The program card contains 
information identifying the external circuits to be actu- 
ated; the sequence of that actuation and the length of 
time each circuit is to remain energized. Changing the 
operating cycle of the controlled equipment, therefore, 
is accomplished simply by inserting a new card in the 
programmer. 

Programmer Functions. A typical card, Fig. 2, is 
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Fig. 1—Front view of Time-Based Pro- 
grammer. Graphic panel identifies line 
being read, condition of external control 
circuit and whether seconds or minutes 
timer is operating. 


Fig. 2 (right)—Data card. Horizontal 
rows correspond to steps in the cycle. 
Timing dwells and circuit conditions are 
set up in vertical columns. 





imprinted with 30 horizontal data rows, each of which 
represents a step in the cycle. There are 85 vertical data 
rows. Ten of these are under the heading, “Circuit On” 
and are numbered from 1 to 10 to identify the external 
circuit to which each corresponds. Thus, if on step / 
( or line 7) of the cycle it is desired to energize circuit J, 
the appropriate space is punched out. Any number or all 
of the ten circuits may be energized simultaneously. An 
equal number of vertical data rows are grouped under 
“Circuit Off.” A procedure similar to that described 
above is followed when the circuits are to be de-energized. 
(gain, there are no restrictions to the number of circuits 
that may be broken at the same time. However, a circuit 
cannot be both energized and de-energized during the 
same step. If a circuit is made at step ], the card must be 
advanced to the next or some other succeeding step be- 
fore that circuit can be broken. 

A hole punched in the data rows under the heading 
“Time” determines the duration of each individual step. 
If a period of, say, 35 sec is needed, a space in vertical 
row 35 is perforated. For longer dwells, the data column 
marked M is punched. This has the effect of applying a 
multiplying factor so that now each of the 60 time columns 
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is equivalent to 1 min. Sixty minutes, therefore, is the 
maximum length of time that can be allotted to any one 
step. At the end of a dwell period, the card carriage 
automatically advances to bring the next horizontal data 
row Into position. 

To realize the 30-hr interval mentioned previously, 
it is necessary to utilize all 30 data lines. For a simple 
example, assume circuit J is to be activated at the begin- 
ning of a cycle of operations, then remain energized for 
30 hr. First, space 7 on line 7] under “Circuit On” is 
punched. Next perforations are made in every space in 
vertical columns 60 and M. Lastly, space 7 line 30 under 
“Circuit Off’ is punched. With the card so marked, the 
card will advance at the rate of one line per hr, energiz- 
ing the circuit at the start and breaking it when line 
30 has timed out. 

The letters OE assigned to the last three vertical data 
columns refer to “outside events” and provide a path 
for feedback from the controlled equipment. There are 
provisions for three external circuits leading to some 
monitoring element, such as a limit switch. Whenever 
any of the OE spaces are punched, indexing of the card 
is prevented until the return of a signal from one, two or 
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even all three of the external monitors. This feature 
offers advantages, for example, where personnel safety 
is a factor in the operation of a machine. A hypothetical 
application is one involving temperature hazards. It is 
ossible to incorporate a thermocouple in one of the 
feedback circuits so that after a particular step has timed 
out, the next step in the cycle will not be initiated unless 
temperature conditions are satisfactory. 

The one remaining column, marked R, provides a 
reset feature. The R space is punched in a horizontal 
data row whenever it is desired to terminate the cycle at 
that step. The reset hole triggers a mechanism that 
returns the card carriage to the starting point. 

Graphic Panel. Referring again to Fig. 1, the front 
of the sheet-steel cabinet is designed as a graphic panel 
to provide full information on the status of the control 
at any particular instant. At the top of the panel there 
is a translucent strip of rigid vinyl inscribed with nu- 
merals from | to 30. Thirty pilot lamps behind this strip 
are lighted in sequence to show the card position or the 
horizontal data line being read at the moment. A second 


vinyl panel marked from 1 to 10 indicates the con- Fig.-3—~View of contact Gagekt anil printed-cireult sta- 


dition of the external circuits. A lighted lamp shows that tionary-contact plate from beneath chassis, ‘These contacts 
the associated circuit is energized while a dark lamp 7 “send” the data cards. 


denotes a de-energized branch. 

A timer dial marked from 0 to 60 counts off the sec- 
onds or minutes. Two engraved panels at the left of RTL 
the dial show whether the seconds or minutes timer is 
in operation. Three illuminated panels to the right of 
the dial indicate the absence or presence of a signal from 
each of the three outside events. Toggle-switch controls 
for on-off, fast advance, hold, start and reset complete 
the panel. 

Card-Reading Contacts. The data contained on a 
card are read by means of 85 pairs of contact fingers. 
These contacts, Fig 3, are located beneath the card as it 
is inserted in the programmer. When a horizontal data 
line is in position to be read, the contact fingers will pass 
through any holes in that line to touch mating stationary 
contacts situated above the card. Thus, appropriate voltage 
signals are made available for further control action. 

The reason for using two independent movable contacts 
per hole is to assure positive action at all times. With the 
dual arrangement, there is minute chance of troubles 
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only on the leading edge of the plastics plate, and the 
remainder of the plate retains its copper coating. This is 
done deliberately because the card slides against this 
plate and a smooth, non-abrasive surface is beneficial. 


arising due to sticking contacts or slightly misaligned 
data holes. The contact fingers are rhodium-plated brass, 
0.020 in. thick and are spring loaded. Separate loading 
springs are furnished for each of the total of 170 contact 
fingers. These fingers bear firmly against the matte finish 
of the vinyl data cards as it is advanced. Thus, a burnish- 
ing action is achieved to keep the contacts free of insulat- 
ing films that might otherwise develop. 


The card-reading contacts do not actually make or 
break current. A relay removes voltage from the contacts 
before the card is advanced to the next line. Voltage is 
not restored until the card has come to a stop and the 
contacts have moved through the holes. Thus, there is 
no contact wear attributable to arcing. 

The 85 stationary contacts are fabricated by printed 
circuit techniques. The contact structure consists of a 
copper-coated epoxy glass laminate that is etched to 
form the array of stationary contacts. This material has 
considerably more stability than the phenolics base orig- Fig. 4—Double rack-and-pinion mechanism drives the 
inally used, which displayed a tendency to warp. card carriage. Two shaded-pole gearmotors, one for for- 

As can be seen in Fig. 3, the contact pattern is etched ward and one for reverse, are used for carriage travel. 
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Fig. 5—Ratchet and pawl 
(circled) determine accuracy of 
card-carriage positioning. Paw] 
actuates limit switch to stop 
carriage when card is correctly 
aligned for reading. 
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Circuit connections to the stationary contacts are made card during indexing. Contact pressure is, however, re- 


by means of AMP Taper-Pin terminals on the topside of lieved at the end of step 30 before the fast return of the 
the contact plate. card to the start position. This is done by dropping the 

Card Indexing. The card carriage can be seen in pivoted contact-finger assembly away from the card. Two 
Fig. 4 as viewed from beneath the programmer chassis. solenoids power the movement of the pivot bar, one for 
This consists principally of an open-center frame that motion toward the card and the second for motion away 
supports the data card at its edges and steps it through the from the card. A latching mechanism has been provided 


30 line positions. The carriage slides on supports of black so that these solenoids are energized only during actual 
anodized aluminum, which has an extremely hard surface movement of the contact-finger assembly. Were the design 
for low friction and good wearing qualities. The center to require continuous energization, it would be necessary 





portion of the card is supported by the upward pressure to select larger solenoids for adequate thermal capacity. 
of the contact fingers. which bear continuously against the Energized solenoids are a potential noise source so that 
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Fig. 6—Printed-circuit commutator 
is located directly behind timer 
dial. When wiper strikes energized 
commutator bar, the timer rotation 


stops. 
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this arrangement also contributes to quieter operation of 
the programmer. 

Two shaded-pole gearmotors with integral clutches drive 
the card carriage through a double rack and pinion. One 
motor is for indexing and the other for reset motion. The 
parallel shafts of these motors are coupled by a chain and 
sprockets so that both motors feed into the card-carriage 
gearing at the same point. The motors are selectively ener- 
gized for forward or reverse, with one freewheeling while 
the second is driving. 

Elements of the card-carriage drive are visible at the 
right of Fig. 5. To be seen in the same illustration is the 
30-tooth ratchet and pawl that determines indexing accu- 
racy. When an index signal is given, the carriage with 
the ratchet attached moves forward, shifting the pawl. 
Through a series of linkages, the pawl operates a limit 
switch that allows the indexing movement to continue only 
until the pawl drops back into the next depression in the 
ratchet. The associated circuit will be discussed below. 

The two timing motors (center, Fig. 5) are located 
directly behind the timer dial. The output shaft of the first 
makes | revolution in 60 sec. The shaft of the second 
motor requires 60 min for a revolution. The motors are 
connected to the timer dial through separate relay-actu- 
ated disk clutches. Both motors operate continuously. 
However, during standby, the two clutches are de-ener- 
gized and the dial is stationary. When a timing period is 
to begin, one or the other of the clutches is energized 
depending on whether or not the M space on the card is 
punched. Thus, the dial can be made to rotate at either 
speed. 

Timing Commutator. As mentioned previously, the 
time delay or dwell for any step is established merely by 
punching one of the 60 columns under “Time.” How this 
flexibility is accomplished can be explained by reference 
to Fig. 6. Located immediately behind the timer dial is 
a printed-circuit commutator having 60 segments. These 
segments are wired into the 60 stationary card-reading 
contacts (see Fig. 3) that line up with the “Time” data 
columns. Assume now that space 39 is perforated to indi- 
cate a dwell of 39 sec for a particular step of the cycle. 
When the card has been indexed to this line. contact 
fingers 39 move through the hole to touch stationary 
contact 39. Since all contact fingers are 110 a-c volts 
above ground, a similar voltage now appears at segment 
39 of the timer contact. 

From the positive side of the line, the circuit consists 
of the contact fingers, the stationary card-reading contact 
and, lastly, the commutator segment. 

At the start of the time period, the dial is clutched into 
the seconds timing motor. Affixed to the back of the dial 
is a wiper contact (of gold-silver-platinum-nickel alloy ) 
that moves with the dial as it rotates at the rate of 1 rpm. 
This rotation continues until the wiper strikes segment 
39 at the 39th second. The wiper is grounded through an 
“end-of-time” relay. Thus, when the energized segment 39 
is contacted by the wiper, 110 a-c volts is impressed on the 
relay, ending the timing action for this step. The closing 
of the contacts of this relay releases the timer clutch and 
the dial is returned immediately to zero by action of a 
spiral spring. This relay also removes voltage from the 
card-reading contacts and starts the card-advance motor. 

Control of the external load is effected by means of 10 
load relays seen at the top of Fig. 5. These are double-pole 
double-throw electrically locking relays with contact 
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Fig. 7—Rear view of programmer showing ter- 
minal board for making connections to external 
circuits. For ease of wiring, rows of terminalis 
are offset. 


ratings of 10 amp at 115 volts. The solenoids of these 
relays are connected to the 10 “Circuit On” stationary 
card-reading contacts. Similarly, the solenoids of the ten 
additional relays used to break the hold circuits for the 
lead relays are wired into the “Circuits Off’ contacts. 

External connections to the load relays are made 
through a terminal board at the rear of the programmer 
cabinet, Fig. 7. Since the relays are double-throw, there 
are three terminals for each load relay. These are marked 
as normally open, common and normally closed. Each 
row of terminals is offset from the next to provide ample 
space for easy wiring. 

Circuit Description. The wiring for the commutator 
circuit described above is shown in the diagram, Fig. 8. 
To the left of the timer dial is the 30-position slider 
switch used to illuminate the card-position lamps on the 
control panel. The slider is fixed to the card carriage, thus 
providing an indication of the data line that is being read. 

To begin a cycle of control, the operator throws the line 
switch and depresses the start button. Then, a circuit is 
completed from point JA through the position J] limit 
switch and LSD to the start relay. The former is used so 
that a cycle can be initiated only if the card carriage is 
in position 7. Should the carriage be at another point, this 
limit switch is thrown to B which is in the reset circuit. 
In such a case, the reset button is momentarily depressed. 
energizing reset relay No. ] and, in turn, reset relay No. 2. 
The latter is held energized by the circuit from 14 
through contact B of position I limit switch and contacts 
3-4 of reset relay No. 2. The carriage-return motor now 
functions to return the card carriage to position J. The 
control-bar release solenoid in parallel with the carriage- 
return motor moves the contact fingers away from the 
card for the carriage return. LSD is closed only when a 
card is inserted in the carriage and the cabinet door is 
closed. 

Contacts 3 and 4 of the start relay keep the coil ener- 
eized even after the start button is released. With this 
relay thus held in, the contact bar solenoid is activated, 
moving the contact fingers up against the card. As soon 
as the contact bar has shifted, LS] is tripped so that 
current is not maintained through the contact bar solenoid, 
This is done to eliminate noise and heating in this com- 
ponent. The tripping of LS] also puts voltage on all points 
1A. From 1A, a circuit is made through the ratchet limit 
switch to the 85 pairs of fingers on the contact bar. Now. 
the load relays are energized or not in accordance with 
the pattern on the punched card. Note that the load relay 
(only one of 10 is shown) is of the electrically locking 
type. Once the operating coil is pulsed by a signal from 
the data card, it is held energized through a set of holding 
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Fig. 8—Schematic wiring diagram of programmer circuits. All 
circuits operate at 110 a-c volts. Incoming lines are designated as 
1 and 2. After fusing, branch circuits on the + side of the line 
are shown as 1A and 1B. Lines 2 may be regarded as ground. 


It so remains until the load-release solenoid is 
pulsed on some 
contacts. 

The tripping of LS] has also energized the compen- 
sating-timer motor. The purpose of the latter is to provide 
a three-fifths sec before allowing a timing 
cycle to begin. This delay is not needed at the start of 
a cycle but it is essential when the carriage being 
shifted from one line to the next to allow sufficient time 


contacts. 


succeeding line to open the holding 


time delay 


for the timer dial to snap back to the zero position. The 
compensating motor rotates to close its contacts against a 
dead stop and there remains energized, but stalled. 
Under these conditions, a circuit is completed from the 
ratchet switch through the contacts of the compensating 
timer, the outside-events control relay 
relay to the clutch of the seconds timer. 
driven at a speed of 1 rpm. Had the M column been 
punched, the minutes relay would pull in, energizing the 
minutes clutch and leaving the seconds clutch inactive. It 


and the minutes 
The dial is then 
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noted here that the warning 


signal from any of the three monitoring points would 


should be presence of a 
lead to tripping of the outside-events control relay (pro- 
vided an OE space on the 
through), thus preventing actuation of 
clutch. 

As explained previously, the timer dial advances around 
until the wiper strikes the “live” commutator bar, thereby 
making a circuit to the end-of-time relay. Contacts of the 
latter This 
breaks current to the compensating timer motor so that 


card has been punched 
either timer 


close to energize the card-advance relay. 
the contacts of the latter open, leading to de-energization 
of the timer clutches. At this point, the timer dial is 
released to return. 

The end-of-time 


As the carriage starts to shift, 


starts the card-advance 
the ratchet limit 
switch trips to de-energize the end-of-time relay. The 
advance motor continues to operate until the pawl asso- 
ciated with the ratchet limit switch has dropped into the 
next indent. Then, this limit switch returns to its former 
position, removing power from the card-advance motor 
and relay. The compensating timer motor is again ener- 
50 O 


relay also 


motor. 


gized, thus starting the next step of the cycle. 
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Leakage Testing 


DAVID C. BEDWELL, Project Engineer 
Electronic Components Laboratory 
Wricut Air DEVELOPMENT CENTER 
Wright-Paterson Air Force Base, Ohio 
and 

EARL A. MEYER, Physicist 

ByoRKSTEN RESEARCH LABORATORIES, INC. 
Madison, Wisconsin 


of Sealed Electronic Enclosures 


Problems of measuring leakage through 
seals in enclosures for electronic com- 
ponents are reviewed and instruments 
for measuring such leakage over a very 
wide range are described. Also included 
in this article is an evaluation of various 


types of seals. 


AIRBORNE ELECTRONIC COMPONENTS are subjected to ex- 
treme environmental conditions because of the high and 
continually increasing operational speeds and altitudes of 
aircraft in which they are installed. Both the absolute 
values and the changing values of pressure, humidity, tem- 
perature and vibration greatly affect the efficiency of 
operation of such components. The deleterious effects of 
humidity and pressure are often eliminated by placing 
the components, and sometimes sections of equipment, 
within sealed containers. 

Inasmuch as these containers are made of two or more 
pieces of metal plus accessories such as terminals for the 
lead wires, the prevention of excessive leakage at the joints 
between the several pieces is frequently a serious problem. 
In some applications the leakage through these joints, 
referred to as seals, must be zero and in others some 
degree of leakage is permissable. The amount of allowable 
leakage differs in each type of application and it is gen- 
erally determined in an empirical fashion. Since not all 
seals are required to be absolutely gas tight, quantitative 
data are required to determine the leakage rates of par- 
ticular seals under controlled conditions. 

Hence, a study was made of various instruments and 
techniques that have been used for detecting and measur- 
ing leakage in small sealed containers. Out of this study 
came the development of leakage measurement apparatus 
with which various classes of sealed joints were tested and 
the effectiveness of certain sealed components evaluated. 
(1)* As a result of this work (performed under Contract 
No. AF33 (038) -15981), a Military Specification has been 
prepared for Testing Seals for Electronic Enclosures 
| MIL-S-8484 (USAF) 25 June 1954]. The results of the 
study are summarized in this article. 

Key point of the whole investigation was the setting 
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up of a classification of seals into four grades according 
to leakage rates, Table I. 

Leakage Measurement Methods. While a number 
of methods are available for detecting leaks in seals, only 
a few of them are suitable for quantitative measurements. 
They are discussed briefly in the following paragraphs. 

The Tesla coil, when energized close to a small leak 
in a glass system, will produce a visible ionization at the 
point of leakage into the system. It is suitable only for 
detection of leaks, rather than measurement. 

The soap bubble test is a simple, sensitive method for 
locating leaks in all types of seals. The usual procedure 
is to pressurize the inside of the container with several 
atmospheres of any convenient gas, and then paint with 
soap solution over all suspected areas on the outside of the 
container. Bubbles will form when leaks are present. The 
sensitivity of this method is often underestimated and 
with sufficient pressure, it is possible to locate leaks only 
100 times larger than those just detectable on the mass 
spectrometer leak detector. It is suitable only for detection 
of leaks. 

The thermocouple gage and the Pirani gage are used 
primarily to measure pressures below 0.1 mm of Hg. 
Neither is damaged by exposure to atmospheric pressure. 
The thermocouple gage is sensitive to ether and acetone 
vapors while the Pirani gage is sensitive to hydrogen. 
Neither method is very sensitive nor are the results quanti- 
tative. 

The hot cathode ion gage is a pressure measuring 
device, but for pressure less than 0.001 mm of Hg. It 
cannot be operated at higher pressures or the filament 
would burn out. Very small leaks can be located by 
spraying the suspected areas with ether or acetone and 
checking the change in pressure, if any. This method is 
very sensitive for locating small leaks, but is not suitable 
for measuring large leaks which might raise the pressure 
sufficiently to burn out the filament. In addition, the gage 
does not have a selective sensitivity to just one gas which 
makes it possible for gases other than the test gas flowing 
through the leak to affect the results. 

The mass spectrometer leak detector, on the other hand, 
responds to only a single test gas, usually helium. When 
helium is passed over a leak, some of it, along with any 
other gas present, enters the vacuum system and becomes 
ionized by electron emission from the heated filament of 
the mass spectrometer tube. All the ions are accelerated 
by an electric field which is adjusted so that only the 


* Italic numerals in parentheses apply to Cited References at end of article. 
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helium ions strike the ion collector. The helium ion cur- 
rent, proportional to the helium leakage rate, is then 
amplified and read on a meter. 

The mass spectrometer leak detector is capable of 
detecting leaks as small as 0.03 standard cc of helium 
per year. Under identical conditions, this is equivalent 
to an air leakage rate of 0.01 standard cc of air per year. 
assuming molecular flow. (See appendix) Unfortunately. 
the usefulness of the mass spectrometer is limited because 
the internal pressure must be lower than 0.001 mm of Hg. 
to avoid the danger of filament burnout. 

The hydrogen ion gage leak detector utilizes a highly 
evacuated ionization gage tube which responds only to 
hydrogen. The evacuated tube is sealed off by means 
of a palladium window. When the palladium is heated, it 
has the unique property of becoming permeable only to 
hydrogen. Thus, any hydrogen passing through a leak 
into the vacuum system enters the ion gage through the 
palladium. Here the ionized by 
electron emission from a heated cathode. The positive 


hydrogen becomes 
ions then go to an ion collector resulting in a current 
proportional to the hydrogen leakage rate. It is amplified 
and read on a meter. 

The hydrogen ion gage is capable of detecting leaks as 
small as 0.4 standard ce of hydrogen per year. Under 
identical conditions, this is equivalent to an air leakage 
rate of 0.1 standard cc of air per year, assuming molec- 
ular flow. Because of the selective action of the palla- 
dium, the gage can have a sensitivity corresponding to a 
system evacuated to 10°* mm of Hg. without evacuating 
any lower than 10° mm of Hg. Quantitative measure- 
ments of leakage rates can be made at hydrogen pres- 
sures in excess of 10-2 mm and the gage is not physically 
damaged by accidental exposure to atmospheric pressure. 
This is especially important where a wide range of leak- 
age rates is to be measured, some of which might be. 
or suddenly become, very large. The hydrogen ion gage 
may be used to measure leakage rates up to about 100,000 
ce of air per year. 

Of the methods considered, only the mass spectrometer 
and the hydrogen ion gage have sufficient sensitivity for 
measuring small leaks. However, only the hydrogen ion 
gage is immune to damage by exposure to atmospheric 
pressure. Hence it was decided to design a high sensitivity 
leak meter around the hydrogen ion gage. 

Experience has indicated the necessity of measuring 
leakage rates over a very wide range from about | cc per 
year to about 3,000,000 cc per year. Inasmuch as the 
hydrogen ion gage is not capable of measurements at the 
high end of the range, it was found necessary to develop 
a second gage for high leakage rates. 

The high sensitivity meter is used for measurements 
from 1 ce per year to 100,000 cc per year. Although 
the gross meter will measure rates as low as 15,000 ce 
per year, it is used only for leakages greater than 100,000 
ce per year because the high sensitivity meter is more 
satisfactory up to this figure. 

Gross Leak Meter. The method used for measure- 
ment of the larger leakage rates is an adaptation of a 
method used for measuring the pumping speed of vacuum 
pumps. (2) The leakage rate is measured directly from 
the time required for a water plug to travel between two 
points in a glass capillary tube connected in series with 
the specimen to an evacuated manifold. The gross leak 
meter is shown in Fig. 1. For in-leakage testing, after 
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insertion into the container, the specimen to be tested 
is evacuated by connecting it to the vacuum manifold. 
Therefore, all air leakage into the specimen must pass 
through the glass capillary tube in which the small water 
plug is inserted. The rate of movement of the plug is a 
direct measure: of the leakage rate of the specimen. 

If out-leakage is to be measured, the air and vacuum 
leads are reversed. In this case, the outside of the speci- 
men is evacuated by connecting the specimen container 
tube to the vacuum manifold toggle valve. If there is 
a leak in the specimen, air inside passes through to the 
outside of the specimen, causing movement of the water 
plug in the capillary tube. 

The vacuum manifold is constructed of 4-in diam 
brass tubing. sealed at one end by a %-in. Lucite cover 
on a brass, O-ring flange. The other end is connected to 
the forepump with 1%, ,-in. ID vacuum rubber tubing. 

The specimen container was designed as a vacuum- 
tight enclosure for the specimen. Wing screws and flanges 
are provided for quick assembly and disassembly of the 
container. O-rings are used to seal the specimen container 
at the cover and around the specimen tube. The T-section 
below the specimen container is fabricated from °g-in. 
copper tubing. 

Glass capillary tubes provide a direct quantitative 
measure of the leakage rate if the time required for a 
small water plug to move a given distance is recorded, 
and since the cross-sectional area of the capillary bore 
is known, the volume swept out by the water plug dur- 
ing this time can be computed. The 1.5-mm glass capil- 
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Fig. 1—Diagram of the gross leak meter. As air passes through 
leak into vacuum system, water plug moves along capillary 


tubing. Rate is measured by speed of water plug. 


7 ELECTRICAL MANUFACTURING 


EE 


Table Il—Evaluation of Seals According to Materials and Sealant 
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Quan-| Test | Seal Grading 
tity | setup |length,,————_—__ 
m Materials Sealant tested |(sketch)| in. | A|B|C\|D Remarks 
cr | =, ea pers 
to Fused Seals 
ms Aluminum and aluminum ay Aluminum solder | 10 A 1.3 (100 3 
es Brass and brass (2) | Silver solder 10 | B&C 1.3 |100 —| 5 have insert covers (B) and 
* Pe | 5 have overhand covers (C) 
Brass and brass (2) Soft solder (50-50) 10 | D 4.3 | 94) 2) — 4| Leaks occurred after temper- 
er | ature cycle at 200 C, which is 
’n | in the softening range of the 
| solder. 
n. Steel and steel (3) | Silver solder 10 B 1.3 | 90 4) 2) 4) One seal became progressively 
| worse during tests. Remainder 
ve | had zero leakage. 
Steel and steel (3) | Silver solder | 10 e 4.3 1100} —| —| — 
a Steel and steel (4) Oxy-acetylene weld 10 E 4.7 | 39} 39, 2) 20) Commercial firm performed 
d, welding. Special training gen- 
re erally needed for good seals. 
Steel and steel (4) | Are weld +o E 1.7 9 16) 75) Commercial firm performed 
ir | welding. Special training 
il- | | needed for good seals. Inert 
gas welding is desirable. 
ai Steel and steel Soft solder (50-50) 10 (5) 6.3 | 100) — 
Glass to steel --- 10 | (6) 83, 8 9 —| 80 per cent were Grade A up 
| to temperature test. 
Glass to Kovar ~~ 10 (6) 74 12) 8 6) 80 per cent were Grade A up 
| to temperature test. 
| Adhesive Type Seals 
| Aluminum and aluminum (1) | Kel F film, Type B aed m1 Ss Ce —| 22) 80 per cent were grade A up to 
| | | | temperature test. One atmo- 
| | sphere pressure forced covers 
| off remainder. 
Aluminum and aluminum (1) | Nitroseal | 10 D 3.5 | 38 10) . 52| All oreee had high leak- 
| _| age after humidity test. 
Aluminum and aluminum (1) | Selectron 5208 |} 10 D 3.5 | 98 —|} 2) Half the covers came off after 
| humidity test. Vibration and 
| high temperature did not affect 
| remainder. 
Aluminum and aluminum (1) | Silastic 120 lO | D 3.5 | 94 4| 2) —) 80 per cent Grade A up to 
temperature tests. 
: Brass and brass (2) Kel F film, Type B 10 B 31-7 | || 27| 70 per cent were Grade A up to 
20 temperature test. Covers were 
| forced off 20 per cent at room 
rh conditions (out leakage). 
ry —— . ; 7 siliacpichti iain eslceidalstibiianetibaaieaaied as ts ate! 
*Numbers in parenthesis refer to notes at end of table. (Continued on next page) 
iG 
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Table Il—Evaluation of Seals According to Materials and Sealant (Continued) 





Materials 


Brass and brass (2) 


Brass and brass (2) 


Brass and brass (2) 
Steel and steel 
Steel and steel 


Steel and steel 
Steel and steel 


Steel and steel 
Steel and steel 


Gasket Seals 


Aluminum and aluminum (1) 


Aluminum and aluminum (1) 
Aluminum and aluminum (1) 


Aluminum and aluminum (1) 


Aluminum and aluminum (1) 


Aluminum and aluminum (1) 


Brass and brass (2) 


Brass and brass (2) 


Brass and brass (2) 
Brass and brass (2) 


Brass and brass (2) 


Brass and brass (2) 


Steel and steel (3) 


Steel and steel (3) 


Steel and steel (3) 
Steel and steel (3) 


Steel and steel (3) 
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Sealant 


Nitroseal 


Araldite, Type XI 


Silastic 120 | 
Kel F dispersion, Type B | 
Kel F film, Type B 





Nitroseal 


i 
| 
Selectron 5208 
j 


| Silastic 120 





| 
| 
| 





| Asbestos 


| position (Armstrong DC 


| Cork-neoprene 


Neo-sil No. 1000-10 


| 


Q-ring in rectangular 
groove 


O-ring in wedge shaped 
groove 

Natural rubber in rectang- | 
ular groove 
Cork and neoprene com- 
position (Armstrong DC 
100) in rectangular groove 


Asbestos fiber compound | 
in rectangular groove 
Cork and neoprene com- | 





100) in rectangular groove 
O-ring in rectangular 
groove 


composi- | 
tion (Armstrong DC 100) 
in rectangular groove 


O-ring in wedge shaped 
groove 


Asbestos fiber compound | 
(Johns-Manville Durabla) 
in rectangular groove 
Natural rubber in rectang- 
ular groove 
Cork-neoprene composi- 
tion (Armstrong DC 167) 
in rectangular groove 
O-ring in rectangular 
groove 





Cork-neoprene composi- 
tion in rectangular groove 
O-ring in rectangular 
groove 


Natural rubber in rectang- 
ular groove 


fiber (Johns- | 
Manville Durabla) in rec- 
tangular groove 




















Quane| Test 
tity | setup 
| tested (sketch) | 
“| 10 D 
10 D 
10 D 
10 (5) 
10 (5) 
10 (5) 
10 (5) 
10 (5) 
10 (7) 
—_—— 
10 G 
5 H 
10 G 
10 G 
10 G 
10 G 
| 
10 G 
10 G 
5 H 
10 G 
10 | G 
ote 
| 
10 | G 
1 ¢ 
10 G 
10 | G 












































| Seal Grading 
llength,|——|—_|—_|- 

in. |A}B;}C;D| Remarks 
a a a a scatateciaapetaipeitataipiapatiienicniay nehiatinitgisteiagnala 

3.5 | 38] 10| —| 52} Most specimens developed very 

large leaks after humidity 
tests. Remainder developed 
large leaks or lost covers dur- 
ing temperature test. 

3.5 | 98} —| —| 2) All specimens were Grade A up 

to temperature test. 

3.5 | 34 6| —) 60} Poor adhesive action. 

6.3 | —| —) —|100| Leaks too large to measure. 

6.3 | 70; 7| 7| 16) More than 80 per cent were 
eS, Grade A up to temperature 

i test. 

6.3 | —| 11} 6] 83) Almost all seals had leakage 

| too large to measure after 
ap ae humidity test. 

6.3 | 34! 6) —| 60} Adhesive apparently weakened 

after humidity test. 

6.3 |—| 9| 8 83 

4.1 | 61) 10) —| 20) Very high leakage after tem- 
1. | perature test. 

4.3 | 94) 4) —| 2) 90 per cent of seals were Grade 
A after temperature test. Re- 
| mainder too large to measure. 

4.3 | 44| 10) 22) 24) Leakage increased after humid- 

| ity and temperature tests. 

4.3 |100)} — —| — 

| | | 
4.3 |—| 2) 53 15) Humidity test reduced leakage. 
| | | | Temperature test increased 
| | | leakage to high value in 
| | nearly all seals. 
43 |—|—| 1) 99) 
| | 

43 |—|—| 4| 96 
aoe 

4.3 | 90} 2) — 8 All Grade A seals up to tem- 

| | perature test. About 50 per 
| | cent remained Grade A after 
ae temperature test. 

4.3 | 7| 11) 37 45) Nearly all Grade D_ before 

| | tests. Humidity test improved 
80 per cent to be Grade C. 
Temperature test further im- 

| proved 25 per cent to be Grade 

4.3 | 64] —| 16 20) 80 per cent were Grade A up 
| to temperature test. All had 
ES ae ed very high leakage afterwards. 

13 | + — 11] 89 
Poko. 4 

1.3 | 9) 2 | + 

1.3 | |} 9] 92 

4.3 | 67| 13} 2} 18| Only 60 per cent of seals were 
| Grade A after fabrication. This 
is not typical of O-ring con- 

struction and was apparently 
caused by rust. 

4.3 | —| 8} 59) 

4.3 | 48} 8} 24) 20) Only 60 per cent of seals were 

| Grade after fabrication. 
Temperature test caused very 
high leakage. 

4.3 | 65| 20) 10} 5| Only 15 per cent were Grade A 
after fabrication. Were appar- 
ently sealed by humidity tests 
| for remainder of tests. 

43 |—) 3} 15) 82 

(Continued on next page) 
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Table !l—Evaluation of Seals According to Materials and Sealant (Continued) 


SESE EEE 


| 


Materials Sealant 


Steel and steel (3) 


| B &S No. 24 copper sheet | 10 
| on 90-deg ridge on steel | 
| body 

ly%-in. lead on 90-deg ridge 10 
| in steel body 


Steel and steel (3) 


Aluminum and aluminum (2) | Lapped surfaces pressed 10 
| together 

Brass and brass (2) | Lapped surfaces pressed | 10 
| together 

Steel and steel (3) Lapped surfaces pressed 10 


together 
| 


*Numbers in parenthesis refer to notes below: 


| Quan-| Test 
| tity 
| tested | (sketch) 


| 
| Seal | 


length ,| — 


in. ‘alBic|p 


Grading 
setup 
Remarks 


} 
i 





I | 4.7 





| 96} 4| —| —| Borderline Grade A in almost 
eV Reoad | allcases. Relatively unaffected 
| by testing. 
I 1.7 | 50 9 14) 27) Seals remained about 60 per 
cent Grade A up to temper- 
tod | | ature test after which leakage 
| | inereased considerably. 
F 3.9 {| 3] 81) 12) Predominantly Grade C 
| throughout tests. 
I 3.9 | 14) 32) 54) —| 25 per cent of seals were Grade 
ED ia! A after fabrication. None were 
Grade A after tests. 
I 3.9 | —| 21| 75) 4| Predominantly Grade C 


throughout tests. 





1. Soft bar stock. 2. Bar stock. 3. Cold rolled bar stock. 4. Hot rolled bar stock. 5. Seal consisted of a steel disk fastened 
to back of 2-in. meter case. 6. Glass-to-metal seals were soft soldered to 2-in. meter case. 7. Neo-sil-to-metal header was 


soldered to 2-in. meter case. 


3,000,000 standard ce of air per year. The 0.5-mm glass 
capillary can be used for measuring smaller leakage rates 
from 15,000 to 50,000 standard ce of air per year. The 
capillaries are scaled off in convenient units for comput- 
ing leakage rates and a stop watch is used for timing 
the water plug. 

The upper limit on leakage rate measurement occurs 
when the water plug moves so fast that timing is difficult. 
The lower limit on leakage rate measurement is deter- 
mined by the accuracy desired and errors introduced by 
the resistive and inertial forces affecting the movement 
of the water plug. As the rate of water plug movement 
decreases, these errors increase, causing the leakage rate 
measurements to become more inaccurate. 

The errors due to starting inertia were minimized by: 
(1) Using a water plug instead of mercury; (2) using a 
water plug of minimum length, about 1 mm long; and 
(3) timing the water plug movement only after it reached 
a constant velocity. The error due to the resistive forces of 
surface tension was minimized by coating the inside of the 
cleaned capillary tubing with an organosilicon compound. 
This effectively prevented the water from wetting the 
glass. The water plug blowback tube is used to return the 
water plug to its starting point after completion of a run. 

High Sensitivity Leak Meter. The high sensitivity 
leak meter, shown in schematic form in Fig. 2, consists 
of the following basic components: Hydrogen ion gage,” 
cold trap, hydrogen generator, thermocouple gage, 
vacuum valves, vacuum manifold, forepumps, hydrogen 
ballast container and specimen container. Stated briefly. 
hydrogen enters the specimen container, passes through 
any leak in the specimen and enters the vacuum mani- 
fold through open Valve 2. From the manifold the hydro- 
gen passes through open Valve B into the cold trap and 
enters the ion gage through the heated palladium window. 
Here the hydrogen is ionized by an electron stream and 
the positive hydrogen ions go to the negatively charged 
1on collector. This increase in ion current is amplified 
and read directly on the leak meter. 


* Such as RCA type 1945 
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Electrons emitted from the cathode strike the palladium 
and heat it up. The electron current and the voltage be- 
tween the cathode and palladium window are adjusted 
so that the power dissipation at the palladium is 6 watts. 
This maintains the palladium at a temperature of approxi- 
mately 800 C. 

Complete constructional details for the High Sensi- 
tivity Leak Meter are given in the report previously 
referenced. (1) 

Constructional Materials. Both leak meters measure 
the leakage rate of hydrogen through seals with | atmos- 
phere pressure on one side of the seal and a vacuum of 
the order of 1 micron on the other side. Hence, it is 
necessary that there be no leakage into the vacuum sys- 
tem and that outgassing from materials within the sys- 
tem be reduced to a minimum. Use of proper construction 
techniques is important in eliminating leakage, while 
proper selection of materials and suitable precautions in 
the use and maintenance of the system reduce outgassing 
to a minimum. 

A metal vacuum system was chosen rather than glass 
because of the sturdier construction and the ease of dis- 
assembly for repair or cleaning. Castings were avoided 
because they are often porous. Steel was not used because 
oxides and hydroxides forming on the surface are highly 
hygroscopic. Aluminum was avoided because it is some- 
what difficult to braze or solder to other metals. 

Brass was chosen primarily because of the ease in 
obtaining vacuum tight joints by soldering or brazing. 
It is suitable for vacuum systems at room temperature 
because the vapor pressure of the zinc in the brass does 
not become appreciable except at higher temperatures. 
In addition, it is not hygroscopic. O-rings are used at 
joints for ease in disassembly. 

Reproducibility. If the leakage rate is to be a func- 
tion of the physicial dimensions of the leak alone, the 
boundary conditions on both sides of the leak must 
be kept constant, namely the pressures on each side and 
the viscosity of the test gas. It is desirable to choose pres- 
sure standards that are easily reproducible within the ac- 
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curacy of the measurements. The pressure difference 
should not be so small that sensitivity suffers, but it 
should not be so jarge that it physically changes the leak 
or causes a leak in the container where one did not exist 
before. Since it is desirable to keep to a minimum the 
time for the leak meter to respond to a leak, it is necessary 
to keep the mean free path of the test molecules long 
with respect to the dimensions of the measuring system. 
In other words, the pressure here should be low enough 
so that the test gas molecules suffer few collisions with 
other gas molecules on their way to the detector. 

To satisfy these conditions, there should be a vacuum 
of the order of 1 micron or better on one side of the leak 
and atmospheric pressure on the other. Choice of a 
vacuum allows a maximum change in pressure for a given 
leakage rate of gas leaking into the vacuum, increasing 
the sensitivity. This pressure differential is sufficient for 
excellent sensitivity, and pressure conditions are usually 
not drastically different from what the component or con- 
tainer might encounter in actual use. 

Atmospheric pressure is a convenient standard. The 
average yearly extreme of atmospheric pressure fluctua- 
tion is less than + 3 per cent. This would produce up to 

6 per cent change in leakage rate measurements, well 
within the estimated accuracy of the leakage rate measure- 
ments. 

Constant viscosity of the test gas is readily obtainable. 
With normal room temperature variation, the viscosity of 
hydrogen, for example, can be expected to vary less than 

| per cent. For accurate measurement of the smaller 
leakage rates, it is necessary that this 1 atmosphere of 
test gas be established completely and quickly. A quick 
method is to evacuate the air and let in the test gas 
at 1 atmosphere at the start of the measurement. 

Production Line Problems. The problem of non- 
destructive testing of sealed electronic components and 
assemblies on a production line basis was investigated to 
some extent. the solution resolves itself into two general 


oy Meter 


0D-c 
amplifier 















—lon gouge 
Polladium 
window - 
Vocuum 
monifold ~ 
To 
vacuum <— 
pump . 
1<— Cold 
Monifold- 1 trap 
toggle | 
vo/ve -Specimen 
contoiner \ 
| 
Specimen 
{ 
\ 
Hydrogen \ 
J 
Auxiliary 
vacuum pump 
Fig. 2—Diagram showing operating principle of hydrogen 


ion gage leak meter. Hydrogen at atmospheric pressure is 
passed through leak in specimen into vacuum system. It passes 
through palladium window into ion gage tube, whose current 
is dependent upon hydrogen concentration. 
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approaches: (a) Sealing into the container of a test gas 
to which the detector is sensitive at atmospheric or slightly 
higher pressure, or (b) providing access to the inside of 
the container so that the detector-sensitive gas may be 
introduced at the time of measurement. 

There are several objections to sealing a test gas into 
the component or assembly. With the ion gage the hy- 
drogen needed might not also be the gas needed to give 
maximum life to the equipment inside the component or 
assembly. 

A second objection to sealing hydrogen into a container 
is the danger of explosion if such sealing is accompanied 
by high temperature. The third and most important ob- 
jection to sealing a gas in a container is that it does not 
lend itself to quantitative measurements of leakage rates. 
The amount of test gas left in the component or con. 
tainer at the time of measurement will depend on the size 
of the leak, the pressure at which the gas was introduced, 
the time between sealing and measurement, and the pres- 
sure conditions outside the container during that period. 
The larger the leak, the more test gas would leak out 
before the measurement was made. 

Providing access to the inside of the component or 
container is the most reliable method of measuring the 
leakage rate quantitatively and was the method used in 
all of the quantitative tests performed. 

Calibration. Calibrated leaks were used to calibrate 
the complete range of the high sensitivity leak meter and 
the 0.5-mm capillary of the gross leak meter. The cali- 
brated leaks were purchased from commercial organiza- 
tions. The larger leaks have been calibrated for helium 
leakage and the smaller leaks for air leakage. The theory 
upon which leakage rates are based is given in the 
appendix. 

Types and Grades of Seals. The seals in hermet 
ically sealed containers may be made by a variety of 
methods such as those described in the following listing: 

A. Fusion of metallic and ceramic materials. This 
includes welding, brazing and soldering; fusion of ce- 
ramic materials under heat or pressure; and fusion of 
ceramic materials into a metallic support. 

B. Fusion, vulcanizing or adhesion by use of chemical 
and/or mechanical processing on materials other than 
metals and ceramics such as thermosetting plastics or 
elastomers to the metallic case, structure or assembly. 

C. Use of gaskets or O-rings held in position by pres- 
sure exerted by screws or other clamping devices. 

D. Grinding, lapping or polishing of abutting surfaces 
to produce a precision fit with the mating surfaces held 
in intimate contact by screws, bolts or other clamping 
devices. 

In order to classify the method of sealing in terms of 
the grades of seals according to leakage rate as given in 
Table I, test specimens were prepared by the several 
sealing methods named above and tested with the leak 
meters. 

The test specimens were fabricated as far as practical 
in the same fashion as cases for hermetically sealed elec- 
trical indicating instruments. The types of seals and their 
evaluation by leakage test are summarized in Table II. 
The construction of the seals is also shown. The test 
specimens were first tested for in-leakage and out-ieakage 
at room conditions. Then the seals were subjected to en- 
vironmental conditions likely to be encountered in air- 
craft flight. The specimens were given a pressure differ- 
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ential test corresponding to an external pressure of | 
in. of Hg (70,000 ft altitude) and internal pressure of 60 
in. Hg absolute. This condition was simulated by con- 
necting the specimen to a pressure source at 30 psi and 
maintaining atmospheric pressure externally. The seals 
were again tested for leaks. Next the specimens were given 
a humidity test, by being subjected to 100 per cent RH at 
25 C for 30 days. Leakage was again measured. 

Next came a vibration test in which the specimens 
were vibrated for 90 min each in their mutually perpen- 
dicular planes while the frequency was varied from 10 to 
55 cps at an amplitude of 0.06 in. total excursion. Lastly, 
there was a temperature cycling test in which the speci- 
mens were exposed to three cycles between — 65 C and 
200 C. After the temperature cycling, in- and out-leakage 
was again measured. 

Similar environmental tests are included in Specifica- 


tion MIL-S-8484( USAF) but the values have been 
changed. O00 


APPENDIX 


Analysis of Leakage Rate Measurement. The leakage rate 
of a leak of given physical dimensions can have many different 
values depending on the choice of pressures on both sides of the 
leak and properties of the gas flowing through the leak. If quan- 
titative measurements are to be made for the purpose of comparing 
one seal to another, it is necessary that the gas used and the pres- 
sure on both sides of the leak be fixed and the same for all 
measurements. The exact relationship between the leakage rate 
and the choice of gas and pressure can be seen from analysis of 
Poiseuille’s law which govern the viscous flow of gases through 
leaks. (3) 


2.618 < 10+ x a‘ (P?? P,?) 
0 (1) 
nl 
0 leakage rate in micron liters per sec 
n = coefficient of viscosity of the gas in poises 
al radius of the leak in cm 


L = length of the leak in em 
P. and P, pressures on opposite sides of the leak in microns. 


Proper choice of Pz, Py and n is necessary for optimum sen- 
sitivity and reproducibility of the measurements. 

Leaks encountered in a sealed specimen will, of course, not be 
geometrically shaped in the form of the ideal leak having uniform 
radius while extending perpendicularly through the wall of the 
container. The gas might meander around a seam in the container 
and emerge from the other side of the container wall a considerable 
distance from where it entered. However, for a given size leak there 
does exist an effective radius a and an effective length of leak L 
which is constant. 

There must be a pressure differential in order to have the gas 
flow through the hole. The greater the pressure difference, the 
larger the leakage rate for a given size leak. Use of a higher 
pressure differential therefore increases the sensitivity and makes it 
possible to detect smaller size leaks by increasing the leakage rate 
above the detection threshold. 

The sensitivity to measuring small leakage rates can also be im- 
proved by using a test gas with a low coefficient of viscosity. All 
other factors being constant, the lower the viscosity n of the test 
gas, the larger the leakage rate Q. However, the test gas chosen 
must be one to which the detector is sensitive. 

The third means of increasing the sensitivity to measuring small 
leaks is to choese a leakage rate meter having a very low preferably 
zero, background indication when no leak is present. The measur- 
ing device should be sensitive to the test gas alone and insensitive 
to all other gases or variables which cannot be controlled. 

Gas flows in either of two modes known as viscous flow and 
molecular flow. Molecular flow occurs only at pressures of less 
than about 1 mm of Hg and if the pressure on both sides of the 
leak is above this figure, viscous flow can be safely assumed. 
However, in the leakage measuring instruments described, the test 
specimens are exposed to vacuum on one side and the effects of 
complete or partial molecular flow must be recognized in cali- 
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brating them. This is important because the leakage rates for the 
two types of flow are apt to be quite different. 
For viscous flow the leakage rate is given by the equation: 


K(P? — P,?) 
QO = - -- (2) 
vi 
where O = leakage rate 
K = aconstant, the same for any one leak 
P, and P2 = pressures on opposite sides of the leak 
n = coefficient of viscosity of the gas at the temper- 


ture of the gas. 


The relative leakage rates of air and a test gas for viscous flow 
are given by the equation. 
Nitetaae 
On = 2 Qrtest Gus (3) 


llair 


For helium the leakage rate is 0.91 of that of air. The leakage rates 
for several gases relative to air are listed in Table III. 


Table lll—Relative Leakage Rates of Gases 


Molecular 


= 
Viscous | 
flow 


fi 1.0 
Helium 91 
Hydrogen. 0 
Oxygen... re cele 863 
Water vapor..... 1.82 


For molecular flow the leakage rate is given by the equation: 
T 

Te ee: 
Vou 


where 7 = absolute temperature of the gas 
k =a constant, the same for any one leak 
M = molecular weight of the gas 


0 P,) (4) 


The relative leakage rates of air and a test gas for molecular 
flow are given by the following equation. 


M test gas 
in Oress gas (5) 
VO Mair 


The leakage rate for molecular flow of air is 0.37 times that of 
helium and 0.26 times that of hydrogen. 

When a leak is exposed to a vacuum on one side and to a definite 
gas pressure on the other side, the proportionalities of Eqs. 2 and 4 
may be used to determine the nature of the gas flow through the 
leak. In Eq. 2 the term P; drops out and the leakage rate for vis- 
cous flow is proportional to the square of pressure on one side of 
the leak. In Eq. 4 the term P also drops out and the leakage rate 
for molecular flow is proportional to the first power of the pressure. 
By making leakage rate measurements at two different pressures 
on one side of the leak and vacuum on the other side, the type of 
flow, or the degree of mixture, can be experimentally determined 
for a particular leak. 

Calibrated leaks of very small values are extremely difficult to 
obtain. Of the several manufacturers of vacuum equipment con- 
sulted, only one would attempt to make leaks smaller than 1 x 10°6 
standard cc per sec. Since the calibrated leaks are very susceptible 
to changing leakage rates, it was difficult to determine if non-re- 
producibility was due to the leak meter or to the calibrated leaks. 
If only one or two of the calibration points changed, the vari- 
ability could be attributed to the calibrated leaks rather than the 
leak meter. The probability of all the calibrated leaks changing 
by the same amount was extremely small. 


Qair 
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Digital Computer Principles 


4 primer in electronic digital computers containing elements of the 


binary number system, decimal to binary conversion and funda- 


mental computer definitions and symbols. A reading “*must” for 


those concerned with the development of control systems emplov- 


ing computer techniques and components. 


FAMILIARITY WITH THE decimal and binary numerical 
systems is prerequisite to a proper understanding of digi- 
tal computer operation. Trained since childhood only in 
terms of the decimal system, we accept the meaning of a 
numbers automatically without analyzing their signifi- 
cance. For example, the number 47 has an instant mean- 
ing; the fact that neither 4 nor 7 has any relation to th 
quantity in question is of no consequence. Actually. th« 
decimal system represents an ingenious tallying method 
its mean- 
ing, however, is not commonly understood. For instance. 
let us count: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. At 9, when the 


supply of digits runs out a mark is made signifying that 


which is the result of an evolutionary process; 


the largest digit has been passed once. The number 10 is 
a reference point for which there is no symbol and, in 
the decimal system, really means one greater than the 
largest digit. Again, at 100, 9 + 1 has been tallied nine 
times and at 99 + 1, 100 is written. Thus, a large number 
such as ninety-eight thousand four hundred and twenty- 
seven represents the sum of: 


90000 
8000 
100 
20) 


which is written 98127 for brevity. The number 96427 
means that 9 + 1 has been counted two times; 99 + 1, 
999 4 and 9999 + 1, nine 
times; and we have 7, 


four times; 1, eight times; 
additionally. 

The ingenuity of the decimal system is often admired 
because of the remarkable fact that ten and only ten 
digits may be used. This is particularly likely to be the 
conclusion if one has dealt with such other numerical 
systems as the English system of twelves. Actually, such 
reasoning is fallacious. It is entirely probable that the 
number ten was selected because man had ten fingers on 
which to tally his possessions, and perhaps he even used 
his toes. 

Another system man might have used follows: Let us 
count on our right hand: 0, 1, 11, 111, 1111. Now tally 
one finger on the left hand to show that 1111] l or 1-0 
units have been counted. Thus, the symbol used for the 
ten now becomes five. After another count on the right 
hand (1-1, 1-11, 1-11] and 11-1111), the next number 
becomes 11-0. Keeping on in this manner, we can tally 
to what in the decimal system is called 24 by using only 
eight fingers. However, using arabic numbers, this num- 
ber 1111-1111 would be written 44. If such a numerical 
system had been used all our lives, this interpretation of 
the arabic number 44 would seem perfectly normal and 
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would mean that we had counted to 4 + 1 four times and 
had 4 additionally. Such a system is called a quinary 
code, and is perfectly practical. Except for new multipli- 
cation tables, mathematics would be worked the same as 
with the decimal system. All numbers would be approxi- 
mately 1.7 times as long as written now; however, only 
half as many symbols and only a fifth as many multiplica- 
tion tables would have to be memorized. 

The factor of symbol recognition becomes particularly 
important in electronic machines designed to work with 
numbers. To make a vacuum tube discriminate accurately 
between ten different digits is difficult. Unless the numbers 
were coded (in which case we would no longer have a 
true decimal system), a separate tube or other discriminat- 
ing device would be required for each digit plus a like 
number for each exponent. Thus to write electrically all 
numbers up to 99 would require 20 separate circuits. Obvi- 
ously the design of the machine may be considerably 
simplified by using a numerical system with fewer digits. 

Excellent computers have been made using a binary 
code keyed to ten by pairs (bi-quinary code). The bi- 
quinary code is also the basis of Chinese and Japanese 
mathematics, and of the famous Oriental calculating de- 
vice, the abacus. Although physically simple, the abacus 
was the first “machine” to incorporate two essentials of 
present-day mathematics, namely, the zero and the carry. 
The Roman numerical system bears a marked similarity 
to the bi-quinary code, but the Romans were never pro- 
ficient in mathematics because of their neglect of the zero. 
Our present decimal system did not evolve until about 
500 A.D... being first used by the Arabs. 


The binary code is based on powers of 2 and hence the 
following square may help interpret the foregoing text. 
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| | 
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It is also convenient to know that the sum of the n 
positive powers of 2 will add up to one less than the 
(n+-1) power of 2. From this one can tell how many 
binary places are required to express a given magni- 
tude. For example: 


1648-44424 1—31—32—1 
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Binary Code 


The simplest possible mathematical code is based on 
powers of two. This binary system, keyed to decimal num- 
bers is used in the majority of present automatic comput- 
ing machines. In any mathematical system the power base 
is | greater than the largest digit, which is, in the binary 
code, 1. Thus, we have only two digits to discriminate 
between, namely, 0 and 1. A single wire may transmit 0 or 
1, as absence of current may represent 0 and the presence 
of current may represent 1; or, a relay may represent 0 
in one position and 1 in the other; or, a vacuum tube may 
represent 0 in a cutoff position and 1 when saturated. 

A binary code count starts with 0 and ends with 1. 
Since this exhausts the supply of digits the next number 
is written as 10. An additional unit produces the number 
11, and the next number is written 100, etc. By sufficient 
extension of the principle, any number may be written, but 
the method appears awkward when expressing small num- 
bers. However, each additional digit represents an addi- 
tional power of 2 and, when the powers become large, very 
large numbers may be expressed by a single unit. For ex- 
ample, the 25th power of 2 is equal to 33,554,432 in the 
decimal system. A random binary number such as 110101 
is represented by the following numerical tally: 


100000 = 25 = 32 
10000 2* = 16 
100 = 2? A 

] 2° 1 


sinary 110101 3 Decimal 


un 


Addition. Mathematical operations are identical in the 
binary and decimal systems. For example if a random 
number, say 12, is added to the above number: 


Binary Decimal 
110101 53 
1100 12 
1000001 65 


It can be seen that the problem of addition is identical in 
the two systems. 

Multiplication. Multiplication in the decimal system 
is performed by repeated addition of a number called the 
multiplicand according to the instructions of another num- 
ber, called the multiplier. However, multiplication is 
seldom thought of as such since we have formed such 
a habit of procedure around it. For example, to multiply 
the number 53 by the number 12 we really do the follow. 
ing: Add 53 twice to the 10° column and once to the 10! 
column. Exactly the same procedure may be followed with 
the binary system. In the binary system, multiplying by 2 
is similar to multiplying by 10 in the decimal system: 
simply shift the whole number one place to the left. Thus. 
to multiply 110101 by 1100, add 110101 zero times to the 
2° and 2! columns and once each to the 2? and 2% 
columns: 


Binary Decimal 
110101 53 
1100 12 
000000 106 
000000 53 
110101 636 
110101 


1001111100 


135 








d e 


Binary counter 


Pulse in 


No output 


Frequency divider 


Fig. 1 


1000000000 = 2° o12 
1000000 = 26 64 


100000 = 25 oe 
10000 = 24 16 

1000 = 23 = 8 

100 = 22 = 1 
1001111100 636 


Subtraction. Subtraction is also performed identically 
in the two systems. Thus: 


Binary Decimal 


1000001 65 
1100 12 
110101 53 


In the binary system subtraction is less straightforward 
than multiplication and addition. However, it can be per- 
formed through a principle of numbers in which the addi- 
tion of the complement* of a number to another number 
is the same as subtraction. In the decimal system the com- 
plement of the number 12 would at first seem to be 99 
12 or 87. However, the number 12 is really 00012.000 so 
that its complement is 99987.999 with the nines going to 
infinity in both directions. The nines to the right of the 
decimal if extended to infinity will equal 1. The total value 
of these numbers to the right always equals 1, irrespective 
of the numerical system used**. The nines on the other 
side of the number also present no trouble. For instance. 
subtraction of 12 from 65 by addition of its complement to 
65 is done as follows in the decimal system: 


65 
99987 
l 


100053 





* The complement of a number is obtained by subtracting it from a number 
composed of an infinite number of the highest digit in the numerical scale in use 

** If the complement of a fraction, for example 12.24, is being obtained, the 
nines will add p to 1 in the column of the lowest significant digit, in this case 
0.01 

‘ 
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Basic digital computer symbols. 


Since in theory the number extends to infinity, the digit 
| which comes up at the extreme left also will be at in- 
finity. In a computer. infinity is anything beyond the 
capacity of the machine and. in fact, the 1 always runs out 
and does not appear. This same phenomenon occurs in all 
other mathematical codes. 

The subtraction operation by means of addition of the 
complement in the binary system is done as follows, re- 
membering that 1100 
11110011 plus 1: 


the complement of would be 


1000001 
11110011 
1 


OOOOLLOLOL 53 


This method of subtraction is also valid when a larger 
number is subtracted from a smaller, but one more step is 
necessary. For instance. subtract 110101 from 1100. The 
complement of 110101 is determined to be 111001010 
plus 1. Then: 

] 
1100 
L1LL001010 


LLIOVONN 


This number (111010111) is the complement of the re- 
quired answer to the subtraction problem. 

It is seen that the digits to the left in the above num- 
ber are all 1’s instead of 0’s. Therefore, in a computer 
if the left-hand digit in a subtraction operation becomes 
a |, it is an indication that the result is a negative number. 
This conclusion is of great importance in computer 
division. 

Division. In any division operation. the process can 
be shown to be repeated subtraction by trial and error. A 
computer operates in the same manner, and the negative 
sign becomes the signal that a tried subtraction did not 
“oo.” and the resultant digit in the quotient is a 0 instead 
of a 1. Division. then, may be accomplished by repeated 
addition in proper sequence. 
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Reference Chart for Decimal-to-Binary Conversion 


BINARY PLACE 


1048576 Viva e| 65536 16384 4096 
RYE Y4:5:) ERY 32768 Cah 


BINARY CODE 


Decimal 


Values 


1024 


y4e7 512 256 128 


(Example) 0) 


0.000000476837 158203125 
0.00000095367 431640625 
0.000001 9073486328125 
OR ele ele ext RE le Veo lo¥ se) 
0.00000762939453125 
0.0000152587890625 
0.000030517578125 
0.00006103515625 
0.0001220703125 


0.0002441 40625 


0.00048828125 . 


0.0009765625 


0.001953125 
0.00390625 
0.0078125 
0.015625 
0.03125 
0.0625 
0.125 
0.25 
Oe) 


BINARY CODE (Example) 


BINARY PLACE 


JOSEPH F. SODARO 
Los Angeles. Calif. 


THE BINARY CODE IS WRITTEN in only the digits 0 and 
|. Digital computers and control systems based thereon 
are operated by this code because such a code can be 
electrically represented by current flow or by no cur- 
rent. Thus when a tube conducts it indicates a 1, 
and when it does not conduct. a 0 is represented. 
Numbers greater than | are located on the upper 
scale and numbers less than 1 on the lower scale. 
The point location is at the extreme right end of the 
upper and the extreme left end of the lower scale. If 
the number is exactly the same as a scale number. 
assign a | to that place and 0 to all other places. If 
the number falls between scale values, assign a 1 to 
the place immediately to the right and subtract that 
scale number from the given number. Repeat the 
process with the new number which results. Proceed 
to the right considering each scale value in turn. As- 
sign 0 to scale numbers greater than the remainder. 
After reaching the end of the upper scale, go to the 
lower scale. Continue until the remainder equals a 
scale number or until an approximation of required 
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accuracy is reached. The binary code for 0, which is 
not on the chart, is 0. 

The chart can also be used for binary-to-decimal 
conversion. Write the 1’s and 0's in proper places, ob- 
serving the point location. Now write down and add 
together the decimal scale numbers for each 1 in the 
binary code. This sum is the decimal equivalent of 
the binary number. 

As an example convert 359.3125 into binary code. 
This number falls between 512 and 256. Assign a 1 to 
256, the ninth place, and subtract to obtain 103.3125. 
This number does not exceed 128. Assign a 0 to the 
eighth place. Assign a 1 to the seventh place and sub- 
tract 32 to obtain 7.3125. Assign 0 to the fifth and 
fourth places which exceed the remainder. Assign 1 
to the third, second, and first places. Subtract each in 
turn to obtain 0.3125. Refer to the lower scale for 
places to the right of the point. Since 0.5 exceeds the 
number, assign 0 to the first place and a 1 to the 
second. Subtract 0.25 to obtain 0.0625. Assign a 0 
to the third place and 1 to the fourth place. The 
binary code then is 101100111.0101. To check this 
conversion add the decimals corresponding to the 
numbers together. The sum of 256, 64. 32, 4. 2, 1. 
0.25, and 0.0625 is 359.3125. 
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In beginning a problem, the complement of the divisor 
is added experimentally to the dividend; if the remainder 
carries a negative sign (shown by the presence of l1’s at 
the left) the divisor is re-added to the remainder, and the 
divisor is shifted. At the same time a 0 is registered as 
the left-hand digit of the quotient. The divisor complement 
is added in its new position and if the number is positive. 
the divisor is shifted and a 1 appears as the next digit in 
the quotient. This process is repeated until the problem is 
completed. 

Example: 


0110101 


1100/1001111100 
11110100 


Complement of 1100 plus 1 


111111101 
1100 


1001111100 Original number restored 
111110100 


0000011111100 
LL11110100 


Presence of 1’s signifies negative number 
Divisor re-added 


Complement of divisor shifted one place to right 


Presence of 0's signifies positive number 
Quotient = 01 


0000000111100 Quotient = 011 
11110100 


11111011100 
1100 


Quotient = 0110—divisor re-added 


0111100 
1111110100 


00000001100 


Quotient O1L101 
11110100 
11110100 Quotient = 011010 
1100 
01100 


LIL110100 


000000000 Quotient = 0110101 


Square Roots. Square roots may be obtained in the 
binary system in exactly the same manner as in the 
decimal system. Thus: 


Binary Decimal 
fei 9 7.0 
Vv 11.00.01 ¥49, 
01 19. 
101 1000 140 0) 
10] 
1101 001101 
110] 
0 
yz 2 rae 
¥ 10,01 .00,00 v1.44 
| | 
101 0101 ne 0.44 
101 14 
0 0 
01 25 
v .0001 ¥ .0625 
00 1 
() 001 15 225 
001 225 
() ‘) 
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A second method of obtaining square roots in the binary 
system follows: 


(1) ¥1,10,01. The digits in the radicand are marked off in 
pairs to the left and right of the binary point 
(2) y 11001 1 is subtracted from the first pair of (non- 
| zero) digits. 
0 
10 The remainder is zero, so a | goes in the cor- 
(3) J 11001 responding root place above the first “pair”, 
| The next two digits are brought down. Four 
times the root (r) so far obtained (100) plus 
010 1 is subtracted from the remainder. The re- 
101 mainder is negative, therefore a zero goes in 


the second root place and the 
ir + 1 is removed. 


previous 


11111113101 


101 The next two digits are brought down. 4r + 1] 
(1) ¥ 11001 is subtracted from the remainder with digits 
brought down. 
l This remainder is 0, so a 1 goes in the third 
—— root place. 
01001 The remainder is 0 and there are no more 
1001 pairs of digits to be brought down, so the 
— rooting process is complete 
0000 


Machine Computation 


In the previous discussion the following principles were 
established : 

1. Any number can be expressed in a binary mathe- 
matical code of two digits, 0 and 1. 

2. The binary code operates mathematically exactly the 
same as the decimal code or any other. 

3. Any common mathematical operation may be per- 
formed by properly controlled simple additions. 

Any electrical circuit which has two stable conditions 
may be used to store a 1 or a 0. The nucleus of a com- 
puter is obtained by combining with such a bistable cir- 
cuit a control circuit which can effect additions. Many 
common devices will satisfy the basic requirement of two 
stable conditions; those which change condition readily) 
with signals of very low power will, of course, be most 
satisfactory. Into this category fall gas-filled electron 
tubes, relays, and side-stable amplifiers. The last, generally 
known as Eccles-Jordan circuits, may be designed using 
vacuum tubes, transistors, or magnetic amplifiers, any 
of which will satisfy the requirements. The symbol for 
such a device, called a binary counter or unit, is illustrated 
in Fig. 1. Its characteristics are as follows: 


1. If a pulse of proper polarity is injected at either a or 
b, the circuit will adjust itself to the side receiving the in- 
put and remain in that condition until a pulse is injected 
at some other point. 

2. If a pulse of proper polarity is injected into input c. 
the circuit will reverse its previous condition and remain 
in the new condition until a pulse is injected again, either 
at c, a, or b. 

3. The circuit may be adjusted so that a signal of usable 
polarity will be delivered from one side at a time only, 
from outputs d or e, when the circuit changes condition: 
however, in the opposite condition, a signal will be de- 
livered from the alternate output, (frequency divider). 

Such a device requires two signals in for each signal 
out, and is sometimes termed a scaler because of its ability 
to reduce an input frequency by one-half. If it is con- 
sidered that whenever the shaded symbol is in the right 
side of the block, the system contains a 1. it will be seen 
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that the alternate side contains the complement, or 0, and 
vice versa. 

To provide a means of storing a number, controlling 
whether it, or its complement, is to be added to a second 
number, and to provide a storage point for the second 
number, a control device called an “and gate” is necessary. 
This unit may be comprised of relays, magnetic amplifiers, 
crystals, or vacuum tubes. One of the commonest and most 
easily visualized device is a pentode of which the control 
grid and the suppressor grids must be above cutoff po- 
tential in order that a signal may appear at the output. 
The symbol for an “and gate,” Fig. 1, indicates a circuit 
which will deliver a signal at ¢ if a signal is present at both 
a and b, but not if a signal appears at either a or b alone. 

Delay lines are devices by which signals are stored for 
a finite period of time. 

An assembly of the above components is shown in Fig. 
2. Inputs, 2%, 22, 21, and 2° are connected to a like 
number of binary units comprising what is arbitrarily 
termed A register. A common input a serves to adjust all 
units to 0 when so desired. An input b to a gate register 
G transfers a signal from each binary unit which may be 
in a | condition to a similar binary unit in the R register. 
A similar input c transfers the complement of any binary 
unit into the R register. 

Addition. Assuming all binary units are in the 0 con- 
dition, any number, for instance 0111, 


may be inserted 
into the 


A register by appropriate signals fed into the in- 
puts. A signal injected into the 6 input will transfer this 
same number into the R register, as only those units in the 
| condition are able to actuate their gates. The number 
stored in the A register is now removed by a pulse injected 
into the a input. A new number, for instance 0101, may be 
now injected into the A register and the add circuit 6 is 
again pulsed. Those units in the A register carrying l’s 
will cause the associated units in the R register to again 
change condition and the effect will be as follows: 


R register, condition No. 1 O11] 
Number added from A register 0101 
B register, condition No. 2 0010 


\s stated previously, this is not the correct answer. 
However, further action has now been initiated. Whenever 
a binary unit changes condition an associated pulse may 
be derived. If the circuit is connected so that whenever a 
binary unit returns to 0, a pulse is derived, then both the 
22 and 2° units in the R register return to 0 and their 
outputs feed into delay lines. After a proper period of 
time. these signals return to the R register one place to 
the left and perform a second addition as follows: 


0010 
1010 


1000 


Again the answer is incomplete; however, again an 
unit has zeroed, and a signal is stored in a delay line. 


moment later a third addition is performed as follows: 


> oO 


1000 
0100 


1100 


This is observed to be the correct answer (0111 + 0101 = 
1100) and to be the end of all possible action. The size 
of an addition is limited merely by the number of binary 
units, and number of digits designed into the machine. 
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Fig. 2 


Assembly of basic computer elements. 


Subtraction. This operation is performed in the same 
manner except that the subtract signal, which actuates the 
c input for transfer of the subtrahend complement, is also 
fed into an additional carry unit, or delay line, connected 
to the input of the 2° binary unit of the R register. 

Shifting. Assume the R register to contain some binary 
number which it is desired to have shifted to the left. 
Injection of a signal into the d input immediately changes 
all binary units to zeros. However, any unit which changes 
to 0 stores a signal in the delay Ses a moment later these 
signals return to the R register one place displayed. Note 
that in this particular type of circuit, it will be necessary 
to repeatedly shift the R register, as many times as there 
are units, in order to assure complete clearing. 

Multiplication. Multiplication is effected by putting 
a number into the A register and inserting the multiplier 
in a third register (not shown in the block diagram). 
\utomatic control circuits repeatedly shift the R register 
and add the multiplicand from the A register, according 
to orders obtained by consecutive sampling of the multi- 
plier 1 ‘egister digits. 

Division. Division is performed by similar automatic 
sequencing circuits, except that the divisor is inserted into 
the A register and repeatedly subtracted from the dividend 
stored in the R register. The quotient builds up in the 
register previously described for the multiplier. A 1 or 0 
is indicated in the quotient at each trial subtraction, ac- 
cording to whether the remainder from the trial sub- 
traction is positive or negative in sign. 

Conclusions. The circuitry for digital computers is 
complex only because of its repetitive nature. The common 
mathematical operations may be performed by properly 
controlled additions, and the very high speed of electronic 
circuits makes such an approach feasible. Complex prob- 
lems may be automatically solved by equipment composed 
of relatively simple circuits organized in logical order. 

Although no attempt has been made to show actual 
designs, the principles illustrated are those in standard use 
in one form or another. A computer may be readily de- 
signed by building up the block symbols in proper 
sequence and then substituting equivalent circuits. 

(Continued on next page) 
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Basic Descriptive Terms, Symbols and Circuits 
Used for Computing Machines 


DR. H. D. HUSKEY 
Institute for Numerical Analysis 
University of California at Los Angeles 


Terminology 


Adder. A device capable of performing, in some number 
representation, the operation of addition. A unit which 
can receive and temporarily store two operands, produce 
their sum, transmit it to other units, and clear itself. 

Arithmetic Unit. The part of the computer which 
processes or modifies the information. It is the unit which 
performs the actual arithmetic or logical operations. 

Binary Coded Decimal. A system of number repre- 
sentation in which the decimal digits of a number are 
expressed by binary representations. 

Binary Digit. 1. A digit of a binary number. The 
binary system uses only the digits 0 and 1, now commonly 
called “bits.” 

2. A single pulse (representing a 1), or the absence of 
a pulse at a time and place where a pulse might be 
expected to occur (representing a 0). 

Binary Number System. A system in which the digits 
of a number are the coefficients of powers of the base 2. 
By contrast, in the decimal system, the digits are the 
coefhicients of powers of the base 10. 

Carry. A possible overflow in a single digit position 
following an addition. The carry from one digit position 
must be added to the next. 

Clear. To restore any part of the computer or accessories 
to a prescribed state. 

Clock. The source of regularly recurring pulses to 
which all other pulses are synchronized by gating. 

Command Pulse. A pulse, or signal, usually sent out 
by the control unit, which causes the other units of the 
computer to perform certain functions necessary to attain 
the execution of a command. 

Counter. A device capable of changing from one to the 
next of a sequence of distinguishable states upon each 
receipt of an input stimulus. 


Circuit Elements 


+ + 


Negative and 


“And” Circuit. A circuit having an output and two or 
more inputs arranged such that the output is stimulated 
only if all the inputs are stimulated. No inversion of signal. 


Positive and 


Function. One of a set of machine operations (addi- 
tion, subtraction, extraction, input, etc.) which can be 
performed by the computer through the insertion of a 
single command into the control unit of the machine. 

Input Unit. A unit used for supplying information to 
the computer and into which the information is supplied 
manually. 

Memory (Syn.: Memory Unit, Store, Storage). The 
part of the computer into which “words” in the machine 
sense (alphabetic words, numerical words, and instructions) 
can be entered, and then abstracted at a later time. De- 
pending upon its type, it may store this information tem- 
porarily or permanently. 

Program. The numerical method to be used in solving 
a particular problem on the machine. This includes desig- 
nation of a sequence of arithmetic operations for the par- 
ticular calculation, choice of methods, determination of 
the numbers of significant figures, checking procedures to 
be used, etc. 

Pulse. A momentary change in electric potential. In 
general, a pulse is used to represent the binary digit 1, 
while the absence of a pulse at a time and place where 
one is expected to occur represents the binary digit 0. 

Register. Any part of the machine used to store a 
machine word (numerical word, alphabetic word, or an 
instruction). A storage device having a capacity of one or 
more words. 

A Register. An accumulator-type register. The A 
Register temporarily holds the results of the addition and 
subtraction operations, and, along with the R Register, 
temporarily holds the results of the multiplication and 
extract commands. 

R Register. (Multiplier Register.) Besides holding 
the partial results of multiplication and extract commands 
it holds the multiplier during the multiplication process. 
The multiplier is shifted out of R Register, digit by digit, 
as partial products are shifted into it. R Register is also 
an intermediate station in the transfer of information 
beween memory and input-output devices. 

Shift. Movement of the digits in a register one or more 
places to left or right. 


A—-Q—-B AD 


Amplifier. Accepts positive or 
negative signal. Output is of 
opposite sign. 


A 
__)—-¢ 


“Or” Circuit. A circuit whose output is stimulated 
when one or more inputs is stimulated. Signals on some 
inputs produce no effect on the other inputs. Signal on C 
if signal on at least A or B. Device has buffer effect, that 
is, no signal feeds from A to B. No inversion of signal 
involved. The typical circuitry for the “positive or” is 
the same as for the “negative and”; similarly, that for 
the “negative or” is the same as for the “positive and.” 
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Binary Counter. Upon receipt of a pulse at A, out- 
puts of B and C (one negative and the other positive) 
are interchanged. Binary counter signals are shown in 
pulse wave form. 


B+ 


Buffer-Driver. Accepts only positive signal. Inverts 
signal and isolates output from input. Output is of nega- 
tive sign. 


B+ 


-— 


A—-©--B A-S 


Cathode Follower. Does not invert the signal. Output 
is of the same sign. Usual use is power amplification. 


3 yp SEC 


a 
a 


Delay Line. A unit in which time pulse-coded infor- 
mation is space stored, that is, pulses enter the delay line 
at a given time and emerge a given time later. Delay lines 
may either be electrical or acoustic. Numeral in or near 
the symbol denotes delay, usually in microseconds. 
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Driver. Equivalent of amplifier or buffer-driver. Symbol 
to be used only in preliminary block diagrams where 
polarity of signals is not determined. 


D Cc 


‘ta 


A 
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Flipflop. 1. A two-tube electronic device of which 
either one tube or the other is conducting, but not both. 
According to which of the tubes is conducting, the flipflop 
is said to be storing a 0 or a 1. As illustrated, positive 
signal at D, negative at C. Negative pulse at A implies 
positive signal at C. See wave forms. 


2. An electronic circuit having two stable states of op- 
eration; often used as a memory for a single binary digit. 


S 
B B 
Gate. Same as “and” circuit. Alternate state shown at 
right. Gate controlled by a flipflop at B passes a pulse on 
A when the flipflop registers 1. (Left) Gate controlled by 


a flipflop at B passes a pulse on A when the flipflop 
registers 0. (Right) 
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Below cut-off 


Gate Tube. A multigrid tube which will conduct only 
if positive voltages are supplied to all control grids. An 
example is a 6AS6 tube in a coincidence circuit above. 
Accepts only positive signals. Output is negative signal 
only when positive signals arrive on A and B. 
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Inhibiting Circuit. Negative signal on D, if there is 
negative signal on A and B and no positive signal on C. 
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Inverter. Inverts wave form. 





One-shot Multivibrator. Upon receipt of a pulse at A 
positive signal stays at B for a period of time depending 
on circuit constants. Can be arranged to have positive 
input signals. 
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Oscillator symbol and typical generator circuit shown. 
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Peaker. Anode inductance with associated capacitance 
tunes to fixed frequency K. Upon receipt of a pulse on 
the grid, the output is % cycle of a sine wave at K 


frequency. 
B 
¥ B 


Pulse Transformer. Basic function is to isolate output 
frem input. Accepts any signal. As shown at top does not 
invert. As shown below, signal is inverted. 
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Ball Bearings for Motors 


Factors affecting long and _ trouble-free 
bearing performance in the face of more 
complex and different motor applications 
were discussed at New Departure Elec- 
tric Motor Conference, reported here in 
digest form. Lubrication and noise prob- 
lems discussed are of interest to both mo- 


tor designers and product designers. 


MUTUAL UNDERSTANDING OF bearing application problems 
on the part of both the motor designer and bearing engi- 
neer is prerequisite to meeting the demands created by 
new technological developments. Properly applied, a ball 
bearing will give a remarkable amount of trouble-free 
service. For most applications the ball bearing makes 
minimum and relatively simple demands on the mounting 
environment. However, as more complex and difficult ap- 
plications are encountered, involving such factors as high 
speed and temperatures, contaminant environments, etc., 
the demands increase. 

In recognition of this fact, and to develop a cooperative 
effort in solving mutual problems, the Electric Motor Ball 
Bearing Conference, sponsored by the New Departure 
Division of General Motors Corporation, was held in 
Hartford, Conn., Nov. 2-3. Panels made up of representa- 
tives of both motor and bearing manufacturers were asked 
to discuss: 

l. Effect of ball bearing characteristics on electric 
motor performance. 

2. Factors that affect ball bearing performance in 
electric motors. 

3. Ball bearing problems relating to specific motor 
applications. 

Lead off speakers included: F. J. Garbarino, chief engi- 
neer: RK. H. Valentine, assistant chief engineer; and L. D. 
Cobb. manager research and development of New Depar- 
ture. Included on the panels were: Francis B. Fisher, chief 
of inspection, Century Electric Company; Wade Reed, 
advanced engineering development section, General Elec- 
tric Company: and Harold Bodine, vice president and 
chief engineer, Bodine Electric Co. 

Highlighting this discussion was the constant recur- 
rence of questions relating to bearing noise and lubrica- 
tion. The importance of these two factors in obtaining 
reduced maintenance and a longer and quieter life at 
higher speeds cannot be overemphasized. 
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NOISE 


Noise in electric motor application is generally the 
result of numerous complex factors—all difficult to diag- 
nose in a complete motor assembly. Evaluation of any one 
factor can be made only if all the other parameters are 
closely controlled. Otherwise test results are bound to be 
inconclusive. To illustrate this point the experience of a 
large manufacturer of small motors was cited as follows: 
Rejection for noisy assemblies at the end of the motor 
production line averaged 2 per cent. After knockdown the 
bearings removed were noise tested and found 80 per cent 
acceptable. After installing the acceptable bearings back 
in the same motors rejection rates still averaged 2 per 
cent. Thus, although rejection rates for noisy assemblies 
averaged 2 per cent, the rejection rate for bearings con- 
tributing to noise approached only 0.4 per cent. 

In general the causes of noise can be broken down into 
the major categories shown in the accompanying table. 
\n important characteristic affecting noise is ball bearing 
internal fit-up. Heretofore ball bearing end play has been 
used generally as the standard measure of internal clear- 
ance. Principal reasons for using this method of gaging 
are due to the ease with which this measurement can be 
made and the lack of availability of radial play gages for 
production volume. About a year ago, however, the Anti- 
Friction Bearing Mfrs. Assoc. adopted radial play stand- 
ards for single-row ball bearing internal fits. Radial play 
is a direct measure of the internal clearance between the 
load carrying members. A relationship exists between end 
play and radial play, but this relationship is upset by 
manufacturing tolerances for race curvatures and diam- 
eters. For bearings with small diameter balls (less than 
14, in.) the correlation of end play to radial play deviates 
substantially since manufacturing tolerances of even small 
magnitude produce relatively wide variations in ball to 
race conformity. Bearings inspected for radial play and 
applied with recommended mounting fits insure optimum 
mounted bearing fit-up and in general result in quieter 
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Fig. 1—Effect of internal radial clearances on noise. 
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Causes of Noise in Electric 
Motor Applications: 


Aer RES 


A. Inherent bearing characteristics. 
1. Radial clearance, too tight or too loose. 
2. Separator ball fit-up, too tight or too loose. 
3. Interference of shield with separator or cone. 
4. Excessive eccentricity. 
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5. Excessive race-to-face run-out. 
6. Poor race finish. 


B. Lubricant. 


1. Excessive grease or grease crackle. 
Varnish on race and ball surfaces. 


9 
3. Race damage due to lack of lubricant. 


— 


C. Mounting. 


nee 


1. Shaft fit too tight or too loose. 

2. Housing fit, too tight or too loose. 
3. Out of round housing. 
4, 
Ds 
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Excessive axial preload. 
Poor finish, shaft or housing. 
6. Bent shaft. 


7. Misalignment. 
8. Interference of parts having relative rotation. 


D. Bearing abuse or negligence. 
1. Brinnelled races and nicked balls. 
2. Dirt and dirt indentations. 
3. Shield or seal damage and resultant 
interference. 


1. Rust. 





Motor assembly. 
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1. Variation in air gap. 

2. Passage of electric current through bearing. 
3. Unbalance of rotating members. 

4. Windage of rotating parts. 

5. Resonance of frame, end ball or fan. 
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performance. However, isolated cases may arise where 
bearing end play, per se, must be held within given limits. 

Axial Preloading. Reduction of internal bearing 
clearances by axial preloading has proved quite successful 
in a number of applications for eliminating bearing noise. 
In general, a loose bearing operates quietly under the 
proper preload. The same bearing rattles excessively if 
the preload is absent. For a bearing mounted without 
axial preloading, the lowest noise level has been found to 
occur with a mounted internal fit-up between 0.0001 loose 
and line-to-line. This condition is graphically illustrated 
by a plot of noise level vs internal radial clearance, Fig. 1. 

Axial preloading is usually provided by so-called con- 
stant-force washer type springs bearing against the outer 
race. Popular spring types include: Finger, wave and 
Belleville. The spring constant of these springs varies to 
some extent, but if used within reasonable deflection 
limits a fairly constant force can be obtained. Tests made 
with wave washer springs having a 1 in. free height show 
that a constant force is obtainable over a deflection range 
of 1/32 to 3/32 in. Caution, however, is recommended 
when using the smaller size Belleville springs. 

In a number of applications, bearing noise has been 
traced to unbalanced axial spring loading. Uneven periph- 
eral loading, particularly when using finger type springs, 
forces the bearing outer ring to assume a cocked position. 
In one application cited, axial oscillation of the armature 
and bearing outer race at resonant frequencies was traced 
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to weak springs and deficient loading. It is interesting to 
note that in this same application additional axial loading 
at first caused increased noise. This is believed due to 
gyroscopic skidding of the balls. After additional tighten- 
ing. the noise disappeared. 

Because of the large number of variables involved, no 
pat solution can be arrived at to eliminate bearing noise. 
Experience of individual manufacturers varies widely and 
what is sauce for the goose is not necessarily sauce for the 
gander. For example, a typical manufacturer of single- 
phase. NEMA 56 frame fhp motors reports that inherent 
pulsating torque, over and under rotor slot skew (approxi- 
mately 0.5 deg) and shaft misalignments have been found 
to be the principal causes of motor noise. Bearing noise 
is comparatively minor and axial springs are not neces- 
sary if bearing end play is controlled from 0.003 to 
0.0045 in. The use of preload springs is discouraged be- 
cause of space limitations, increased frictional torque and 
cost. 

Effects of Shaft and Housing Fits. A definite mathe- 
matical relationship exists between the shaft and housing 
fit and the resultant effect on bearing internal clearances. 
Close analysis is necessary when fit and temperature con- 
ditions are severe, or uncommon sections and materials 
are involved. In the average application (assuming fer- 
rous shafts and housings) it is usually sufficient to con- 
sider that shaft and housing press fits reduce internal 
clearances of the bearing by 75 to 80 per cent of the com- 
bined interference. When the decrease in bearing internal 
clearance is greater than the amount initially available 
the bearing is radially preloaded. This condition is usually 
objectionable in small, lightly loaded motors since it pro- 
duces an increase in bearing noise and torque. In large 
motors, especially those in which the bearings are under 
a considerable radial load, internal bearing deflections 
makes a preload of 0.0001 or 0.0002 in. insignificant. 

Tests have shown that no correlation exists between 
bearing noise and bearing life. When noise is associated 
with such abuses as contamination, shield damage and 
brinelling, these factors, rather than noise, contribute to 
decreased bearing life. 

Noise Tests. The majority of bearing noise tests are 
still conducted by aural methods; however, as research 
and development proceed, increased use can be expected 
of electronic noise testers. Four lines of high production 
New Departure bearings are currently tested by electronic 
methods. Bearings are placed on a high speed spindle and 
one race thrust loaded. The test lasts for 3 or 4 sec and is 
repeated on the reverse side. 

Aural tests are controlled by master bearing standards 
against which the operators constantly check themselves 
to determine maximum acceptable noise levels of produc- 
tion bearings. In addition, hand feel is used to determine 
excessive roughness and vibration (in some cases these 
two factors account for more rejects than audible sound). 
When testing small bearings. background noise is con- 
trolled to a maximum of 50 lb. 


LUBRICATION 


Lubrication is probably the most important single fac- 
tor in providing efficient ball bearing operation. Choice 
of lubricant is usually the determining factor in load- 
carrying ability, life, maximum operating temperatures, 
speed and corrosion resistance. The principal require- 
ments of lubricants are as follows: 
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1. To provide a lubricating film between balls and 
separator and between the separator and inner ring. 

2. To help dissipate any heat that may be generated in 
the bearing. 

3. To prevent rusting or corrosion. 

4. To protect the bearing from contaminants. 

Oils and greases are used over a considerable range of 
speeds and operating temperatures so that the final choice 
is usually made by consideration of several factors. 

As a rule grease is considered first when: 

1. Temperatures are below 200 F. 

2. Speeds are moderate. 

3. Protection is required from contaminants. 

1. It is desired to avoid elaborate bearing enclosures. 

5. Where long periods of operation will be necessary 
without attention. 

In general, oil is preferred or necessary when: 

1. Speeds are extremely high. 

2. Operating temperatures are consistently high. 

3. Where dirt conditions are not excessive and oiltight 
seals can be readily employed. 

4. Where bearing type may not be suited to grease 
lubrication. 

5. When it is desired to lubricate bearings from a cen- 
tral oil supply used for other machine parts. 

There are two extreme conditions of lubrication. In the 
hydrodynamic condition, no surface contact exists and 
the determining lubricant properties are viscosity. density. 
the temperature coefficients of viscosity and density. and 
heat transfer units. In the boundary condition. metal-to- 
metal contact always exists and the physical and chemical 
properties of the contact surfaces are important. Both of 
these extremes are approached in ball bearings. Hydro- 
dynamic lubrication exists between each ball and_ its 
retainer and boundary lubrication is approached between 
the balls and races. Since the lubricant must prevent wear- 
ing. galling or seizure under these two extremes. com- 
promises must be worked out so that both lubricating 
conditions can be met. Because of variable motor operat- 
ing conditions no one grease formula can be used and it 
becomes necessary for the motor manufacturer to accu- 
rately define bearing requirements in terms of load. speed. 
temperature, torque, humidity or contaminated atmos- 
phere and required life. Knowing these conditions. the 
best lubricant may be selected on the basis of viscosity 
index, viscosity under pressure. density. shear, oxidation 
rate, heat transfer rate and its ability to form and main- 
tain at least a monolayer of oxide or other absorbed film 
on load carrying surfaces. 

High Temperature Operation. Greases meeting the 
high temperature specification MIL-L-3545 are suitable 
for temperatures up to 300 F and are required to be capa- 
ble of operating for 600 hr in a 20-mm bore bearing at 
10,000 rpm. Most of the greases qualified under this 
specification will approximately double this requirement. 
For longer life at higher temperatures. the silicone greases 
appear to offer the best possibilities. The original silicone 
greases were thickened with lithium soap and, because of 
their melting points limited to about 400 F. Recently. 
silicone greases have been produced with thickening 
agents other than soap that extended operating tempera- 
tures to about 400 F. At this temperature a life of over 
600 hr has been reported in 20-mm bore bearings operat- 
ing at 10,000 rpm. The main weakness of the silicones has 
been in their poor load carrying ability. However, re- 
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Metal insert Insert molded in 


synthetic rubber 


New Departure Sentri-Seal. Metal insert is first blanked 
out as shown on left. After molding in synthetic rubber the 
loop portion is cut off. 


Fig. 2 


search directed towards modification of the silicone 
molecule shows considerable promise in improving this 
characteristic, 

Molybdenum disulfide has not been used successfully 
when applied as a single pretreatment. The only notice- 
able effect of the addition of MoS. in any of its forms has 
heen a subsequent flaking off of the plated layer and a 
roughening of the bearing, resulting, in some cases, in 
objectionable noise. Tests have shown that periodic in- 
jections of MoS» in powder form or in combination with 
some vehicle will sustain bearing operation and might be 
practical where use of conventional lubricants is impos- 
sible. 

Graphite has generally been found to be unfeasible for 
bearing lubrication. A notable exception is the case in 
which it is used in combination with grease to furnish a 
conducting medium for electricity which cannot be 
shunted around the bearing. 

Bearing Seals. Efficient bearing sealing requires that 
there be no lubricant leakage or entrance of contaminants 
through any seal-to-race junction. Due to space and tor- 
que considerations a compromise in seal performance 
must be made where relative motion exists, but no com- 
promise need be made at the outer ring seal junction. For 
lowest possible seal torque and maximum sealing efh- 
ciency. sealing pressures against the moving inner race 
must be maintained at all times regardless of the degree 
of eccentricity, end play, operating speeds and tempera- 
ture. 

An integral seal bearing which appears to satisfy these 
conditions is shown in Fig. 2. The metal insert A is a 
continuous metal ring which places the flexible molded 
material in compression against the outer race seal groove. 
A second insert B supports the sealing lip D against the 
inner race seal groove E. This insert provides resistance 
to seal ballooning with outer ring rotations and stiffens 
the seal section at D to prevent a set in the synthetic rub- 
ber material. The portion of the seal at C provides a fairly 
constant low-rate spring to maintain constant pressure 
against the ring regardless of the relative axial position of 
inner and outer races. Use of this spring section at C 
reduces seal torque to about 30 per cent of that incurred 
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Seal deflection & seal torque BUNA-N-75 durometer hardness 


Z-507 Sentri-Seal 
040 


.036 
.032 
028 
.024 
020 
O16 
O12 


Nominal 


Seal deflection in inches 


.008 
.004 
000 





MS ie ee ee 67Te9g WH 23 4 8S 


5 
Seal torque in inch-ounces 


Fig. 3—Effect of metal loop on seal torque. Seal with loop re- 
moved has approximately 25 to 30 per cent less frictional torque. 


when an uninterrupted insert is used, Fig. 3. This unique 
design has resulted in more uniform torque values and 
higher limiting speeds at lower self-induced operating 
temperatures. 

Currently, this seal is made of either Buna-N or poly- 
acrylate rubbers (BA-21), depending on temperature re- 
quirements. The Buna-N shield has a low coefficient of 
friction and a high resistance to all synthetic or aromatic 
lubricants within a temperature range of —40 to +225 F 
for extended periods, and 300 F for 1 hr. For higher tem- 
peratures the polyacrylate material, which will withstand 
temperatures of —40 to 4-350 F for continuous operation 
and 450 F for limited periods, is recommended. This ma- 
terial apparently will withstand all lubricants except the 
di-ester type which causes excessive swelling over 250 F. 

The limiting speed of the seal based on a 100 F rise is 
about 3500 fpm. Higher speeds may be obtained by the 
use of special seal materials; silicone rubber seals are 
currently on test for temperatures of 500 F and up. 

Relubrication. Provision in the housing design for 
relubrication is of definite advantage in some applications 
(particularly when high speeds are involved) when the 
fatigue life of the bearing may exceed the life of the 
lubricant. An ideal relubrication system should provide: 

1. Removal of all of the old lubricant. 


2. A new lubricant with good oil feeding character- 
istics. 
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Fig. 5—Effect of grease capacity on bearing life. Values repre- 
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3. Maintenance of low bearing temperatures by avoid- 
ance of overgreasing. 

4. Low cost. 

5. Simplicity of operation. 

When an installation involves several hundred identical 
mountings, relubrication (or more properly rejuvenation 
of partially oxidized grease) becomes practical. This has 
been used quite successfully in textile machinery drive 
motors, where a few drops of oil are injected at infrequent 
intervals. This is not considered practical for general pur- 
pose motors. 

Grease Volume. In general, single-row-width bear- 
ings have an adequate grease volume for average use. 
With motors operating at higher temperatures, however, 
bearings with additional grease volume have proved bene- 
ficial. Fig. 4. The effect of additional grease volume on 
bearing life is shown in Fig. 5. The curves shown are for 
a given bearing size and lubricant under light loading at 
100 F and 250 F and are intended to show relative values 
only. In these tests the grease did not visibly change loca- 


Fig. 4—Enlarged capac- 
ity of single-row, dou- 
ble-width bearing pro- 
vides increased life. 
Extra width also permits 
use of slinger for con- 
taminant sealing. 





tion from its original position as packed in the bearing. 
Tests made with radioactive isotopes indicate that when a 
bearing is in operation there is a continuous migration of 
oil from the remotest portion of grease in the lubricant 
chamber to the load carrying surfaces despite the fact that 
the grease appears static. 

It will be noted that due to the added bearing width. 
Fig. 4, the volume of grease leakage past the seals is about 
twice that permissible in standard single-row bearings. 
but is still within reasonable limits for commercial motors. 
The added width permits the use of slingers for con- 
taminant sealing. Added width also allows use of a larger 
inner ring seai notch radius and a greater angle between 
this radius and the inner ring OD. This reduces the seal 
torque variations due to end play and manufacturing 
tolerances. 

Fretting Corrosion. Fretting corrosion is a form of 
surface damage and wear caused by the reciprocating 
rubbing of bearing surfaces. This motion is usually of 
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limited amplitude and is accompanied by the formation 
of oxide wear products. Corrosion falls into two principal 
classes as follows: 

Class I—Fretting of parts never intended to undergo 
relative motion. This class includes fretting occurring 
between the races and a clamping device or between the 
bore and shaft. This type of fretting can be corrected only 
by increasing the load or closeness of fit to prevent gross 
slip between surfaces: by increasing the coefficient of 
friction. or else by bonding materials with high elastic 
strain limits to the surface. 

Class Il—Fretting of parts intended to undergo rela- 
tive motion some, or all, of the time. This includes fretting 
between the balls and races. This class of fretting can 
generally be minimized by more effective lubrication. This 
usually means additional lubricants; however, cases have 
been reported in which fretting has occurred in bearings 
completely submerged in oil. 

Prevention of fretting corrosion in applications that re- 
quire loose fits is particularly difficult because prevention 
of gross slip by the increased load method cannot be 
utilized. Interspersing materials with high elastic strain 
limits between the surfaces (such as rubber) could in- 
crease the tolerance to vibration. The other approach is to 
lubricate the surfaces. Since liquid lubricants are imprac- 
tical in this application, some form of solid lubricant is 
indicated. The ideal solid lubricant should possess a low 
yield strength and high elastic strain limit and should be 
strongly bonded to the surface. Materials such as graphite 
and molybdenum disulphide, while not very effective as 
powders, are quite effective if baked on the surface with a 
suitable bonding agent, or applied over a phosphate coat- 
ing as a base. Thin films of soft materials which tend to 
shear readily, such as lead or indium, have also been 
effective in preventing fretting under these conditions. 
For a more complete understanding of this subject, a 
study of ASTM Special Technical Publication No. 144. 
“Symposium on Fretting Corrosion.” is recommended. 

Storage. Hardening of bearing greases in storage is 
usually due to the following: 

1. Some greases upon prolonged storage tend to revert 
to their unworked consistency. This is usually of little 
concern since they resume their original consistency when 
the bearing is operated. 

2. Hardening can be due to the higher percentage of 
soap content resulting from the evaporation or bleeding 
of oil. This condition is more common with the di-ester 
type greases. 

3. Bearings may become locked in storage due to the 
varnish deposits resulting from grease oxidation. 

If the varnish deposits formed cause only a slight 
roughness it is generally adequate to run the bearings for 
a few minutes on a test spindle to break up the deposits. 
If severe deposits are present, thorough cleaning and 
greasing is required. Of the few solvents that will dissolve 
these deposits, cyclohexylamine has been found to be 
quite effective. Because of the nature of this material it 
should be used only by those having an appreciation of 
the hazards involved. 

For large quantities a more suitable procedure consists 
of a thorough wash, after removal of seals or shields, in 
a hot strongly alkaline metal cleaning solution. This is 
followed by a rinse in water containing a trace of alkali, 
then by a thorough rinse in a water-displacing rust pre- 
ventive and finally by a wash in Stoddard’s Solvent. 
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Fig. 6—Typical flexible 


bearing mount. 








While oxidation of grease in storage was a serious 
problem years ago, the incidence is very low with present 
day lubricants. The storage life of current seal bearing 
greases should be well in excess of five years under nor- 
mal room conditions of temperature and humidity. 

To provide a longer storage life it is practicable to add 
grease directly to bearings slushed with a rust preventive, 
provided that the characteristics of the grease are not 
altered. However, there is no longer any significant ad- 
vantage in this method since the oxidation resistance of 
the better oxidation-inhibited greases currently available 
is as good as that of conventional rust preventives. 


SHAFT AND HOUSING FITS 


Housing Fits. In most applications, excessive rotation 
of the bearing outer ring can be prevented by adherence 
to catalog fits and to finishes smooth enough to insure 
that fits are maintained. In those applications where this 
rule does not suffice, special fits will usually answer the 
problem; individual applications cannot be answered by 
a general rule. 

In applications involving inner ring rotation it has been 
found necessary to use tight outer ring fits. With alumi- 
num, or other soft material housings, fits are made tighter 
to prevent pounding out and subsequent spinning of the 
outer ring in the housing. This situation can generate ex- 
cessive heat and the resulting wear particles might enter 
the bearing to cause wear and premature failure. Bearings 
are often fitted extra tight so that they will not become 
excessively loose at higher temperatures because of the 
difference in metal expansion rates. Tight housing fits are 
also used to prevent the outer ring from creeping in the 
housing when shafts are subject to eccentric loads or out 
of balance conditions. 

If the housing is composed of a soft metal and book fits 
are applied, rotational creep of the outer ring may burnish 
the housing bore and produce loose fits. Vibration ac- 
celerates this action and produces greater peening or 
wear. With light loading and smooth housing bores, bear- 
ings may sometimes be used directly in soft metals with 
good results, but tighter book fits are recommended. The 
resulting fit (measured at room temperature) must be 
chosen to compromise tightness at one end of the scale 
and looseness at the other. (The expansion coefficient of 
aluminum is twice that of steel.) 

If the expected operating temperature exceeds 225 F, 
bearings should not be mounted directly in aluminum, but 
rather in heavy steel or iron liners. Where space is limited 
a pressed-in or cast-in thin-walled liner can be used. The 
term “thin-walled” indicates a liner whose thickness is 
less than the root thickness of the outer ring. This type of 
liner is considered to expand and contract with the hous- 
ing of which it is part. Such a liner must be mounted to 
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give a loose enough fit on the bearing to preclude viola- 
tion of the elastic limit of the housing. The resulting fit at 
the loose end of the range would necessarily be sloppy but 
the surface would not be as prone to pounding damage 
because of the protection afforded by the liner. The pre- 
ferred solution, where space permits, is a thick-walled 
liner which has sufficient body to afford all the protection 
of the thin-walled liner plus the temperature advantage of 
a steel housing. This type of liner can be pressed-in, 
cast-in or (when used as an adapter type) bolted on. Its 
thickness is sufficiently great so that its bore expands and 
contracts at almost the same rate as the bearing OD, 
thereby maintaining original fit throughout the operating 
temperature range. 

Another problem caused by non-ferrous housings is the 
axial tightening or loosening of bearings resulting from 
the different expansion rates of the housing and bearing 
shaft. This condition is apt to occur when bearings are 
mounted on shafts with appreciable spans and should be 
accounted for in the initial design. 

Flexible Mountings. These mountings have been 
used successfully in certain motor applications when the 
maintenance of air gap is not critical, and bearing loads 
and temperatures are very low, Fig. 6. Such a device also 
permits a wide latitude in machining tolerances and the 
use of cheaper grade bearings without resultant vibration 
and noise. The main objection to flexible mountings is the 
high deflection rate of the rubber boot. Also, since the 
rubber is mostly in compression, damping characteristics 
are much poorer than conventional motor mounting vibra- 
tion devices in which the rubber carries shear loads. 

Probably the most adverse characteristic of the rubber 
mount is due to the insulating properties of the material. 
This tends to restrict heat flow and results in relatively 
high bearing temperatures and decreased grease life. This 
factor is particularly important when it is considered that 
the life of most petroleum oil greases are halved for ap- 
proximately every 25 F bearing temperature increment 
rise. 

Shaft Fits. Three general rules should be observed 
when deciding the relative merits of press fits and nut 
retention for the bearing inner race. 

l. If all fits are tight, no clamping nut is needed. 

2. If normal catalog fits are used, a clamping nut is 
recommended. 

3. If fits are purposely loose, a retaining nut is abso- 
lutely necessary. 

Naturally, exceptions exist to these rules. In the case 
where location is through one bearing, a snap ring or 
some locking device is necessary. When locknuts are used. 
care should be taken to insure parallelism of nut face to 
bearing face. 

For assembly reasons it may be necessary in some cases 
to install the bearing with a slip fit on the motor shaft. 
Where appreciable radial load is a factor this condition 
may cause galling of the bearing bore and shaft OD and 
result in early failures. When radial loading is light, suc- 
cessful bearing operation can be obtained if shaft toler- 
ances and finishes are better than normal and vibratory 
conditions are not present. 

The use of correct fits, precautions against cocking and 
correct assembly fixtures are generally advised to prevent 
bearing brinelling, bent shafts and other damage during 
assembly. Vertical assembly is encouraged wherever pos- 
sible. 
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SPECIFIC APPLICATIONS 


With the advent of higher speeds for portable hand 
tools, ball bearings are required to operate at higher rota- 
tional speeds without causing any increase in noise, heat 
and vibration. Surface temperatures and vibration of the 
unit must be held within comfortable limits in order for 
the tool to be held comfortably. In addition, vibration 
should not be transferred to the work piece, otherwise 
surface damage may result. The above restrictions are 
compounded by the desire for low unit weight. 

These requirements can be met by proper mounting 
design, fits, tolerances and lubricant. In some case noise 
levels have been substantially reduced by loading springs. 
Circulating air is commonly used for cooling and care 
should be exercised to prevent contaminants from reach- 
ing close running parts. In one case cited, early stoppage 
of a hand tool was caused by the increased contamination 
resulting from an increase in spindle speed from 10,000 
to 20,000 rpm. The use of contact seals was precluded 
because of the high speeds and large bearings involved: 
however, by adding an external seal of the labyrinth type. 
satisfactory operation was obtained. 

Because of the high operating speeds, problems associ- 
ated with vacuum cleaner design are quite similar to those 
mentioned above. In addition, the high speeds also in- 
crease the probability of resonance in the starting and 
“die-down” stage. Labyrinth sealing and loading springs 
may be effectively used. The natural frequency of the 
spring and spring characteristics should be chosen to 
minimize premature fatigue failure. 

Many complaints of bearing noise have been traced to 
bearing brinell at assembly. Much of this trouble can be 
avoided by establishing a suitable assembly procedure 
and maintenance program. For a given mounted radial 
play. the endplay increases with raceway curvature. To 
provide better axial location a closer raceway curvature 
may be used; however, this increases the chance of 
brinelling (and consequent noise) during assembly. Thus, 
for lower noise levels. closer tolerance on shaft and hous- 
ing bore diameters must be held. 

Improved axial control may be obtained by using two 
ball bearings with a light preload from a loading spring. 
The loading spring serves to absorb stack-up of axial 
tolerances and dimensional changes caused by differential 
thermal expansion. This mounting also makes it possible 
to increase raceway curvature and lessens the probability 
of brinelling during assembly. 

Home washing and drying equipment presents another 
set of unique conditions because of high humidity en- 
vironments and condensation. This problem can be met 
by a careful choice of type and quantity of grease. Greater 
than normal quantities are desirable for two reasons. 
First, the free air volume should be reduced as much as 
possible to minimize the amount of condensate. Secondly, 
the greater grease quantity provides a greater protective 
coating for such vital parts as raceway and ball surfaces. 

The drying cycle of home laundry equipment also tends 
to promote substantial out of balance conditions when the 
clothes become unevenly distributed about the periphery 
of the tub. Since many of the structural members are 
made from stampings. such a combination of conditions 
can cause excessive vibration of the motor and bearings. 
If vibration is significantly high, the effects can be re- 
duced by the proper choice of lubricant, mounted internal 
clearance and method of mounting. 
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NEMA 
Elects Officers, 
Discusses 

Industry Trends 


Leaders in electrical manufacturing — field 


evaluate markets for electrical appliances, 


electronic equipment and heavy apparatus 


in next decade: committees review standardt- 


zation work. particularly safety standards. 


AN INNOVATION IN THE 29th Annual Meeting of the 
National Electrical Manufacturers Association held in 
Atlantic City, N. J., Nov. 14-18 was a panel discussion of 
“The Electrical Manufacturing Industry in 1956” by 
leaders in the field and spec ‘ial reports of committees 
whose work is seldom reported. Those pertinent to our 
readers interests are briefed below. The meeting elected 
four new members to the board of governors who in turn 
elected a president and five vice presidents. The treasurer 
was re-elected. They are pictured in these pages. Mr. 
Corey, the new president, whose biography is given 
above. succeeded A. F. Metz, chairman of the board of the 
Okonite Company. 

At the Panel Discussion, in a talk prepared by Gwilym 

Price, president of Westinghouse Electric Corp. and 
read by J. H. Jewell in his absence, it was predicted that 
by 1973 the use of electricity in residences will equal that 
in industry. Three factors were cited as leading to this 
situation—growth of population, more new homes and 
more money available to the American consumer for 
such things as electric appliances, furniture and automo- 
biles. Mr. Price predicted that in the next five years, 11] 
million more people will arrive on the scene. They will 
have $37 million more to spend. They will be forming 
more families, and more families will be buying appli- 
ances and using electricity. 

Bigger families and more money lead inevitably to 
more new homes. Mr. Price estimated that there will be 
6 million more new homes in the next five years—and the 
average home will consume 40 per cent more electricty 
in 1960 than it does today. 

All, however, will not be clear sailing for appliance 
manufacturers. Three “musts” are essential to the ac- 
complishment of the high goals set: the need to “sell 
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J. W. Corey 
26th President of NEMA 


James W. Corey, NEMA’s new president, 
has been associated with Reliance Electric 
and Engineering Co. of Cleveland since 1913 
when this motor manufacturer was in its 
infancy. He began his work in the company’s 
engineering department and transferred to 
the sales department in 1916, becoming 
assistant sales manager in 1927 and general 
sales manager in 1932. Eight years later he 
was made sales vice president and in 1944, 
president. He was elected a director of the 
company in 1935. With the acquisition in 
1950 of The Commonwealth Electric Com- 
pany, Ltd., of Welland, Ontario by Reli- 
ance, Mr. Corey became president of the 
latter concern also. He had served as a vice 
president of NEMA since 1952 and as a mem- 
ber of the board of governors since 1951. 


as we have never sold before;” the necessity of breaking 
the bottle-neck of inadequate wiring, and the develop- 
ment of atomic power to provide energy to take care of 
rising electrical demands. 

Appliance manufacturers will have to sell more than 
134 billion units if we are to reach the consumption 
crossroads in 1973, Mr. Price said. One industry job 
is to get a greater percentage of the dollars the average 
consumer spends on durable goods. This must be in- 
creased to at least 18 per cent from the present 15 per 
cent if the goal is to be reached. But lack of adequate 
wiring could be the roadblock that could prevent the 
industry from reaching this goal. Progress must keep 
space with the rising residential consumption line. 

As to finding the source of energy to make the elec- 
tricity to take care of rising electrical demands, Mr. 
Price stated that the historical sources of energy, such 
as coal, oil, gas, waterpower, will fall short of meeting 
foreseeable cane Pat The one new source that seems 
to measure up to the forecasted requirements is energy 
from the atom. It is going to be some years, however, 
before we have the final answers in the development of 
atomic power. We have not started too soon, he con- 
cluded. 

Trends in Heavy Apparatus. Shipments of heavy 
generating and transmission equipment to the electric 
utilities may remain at its present low level well into 
1956 but over a 10-year period the outlook for manu- 
facturers of such apparatus is excellent. Speaking before 
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NEMA Vice Presidents for 1956 





F. F. Loock 
President 
Allen-Bradley Co. 


J. J. Mullen, Jr. 
President 
Moloney Electric Co. 


the Industry Panel Discussion Robert S. Stevenson, presi- 
dent, Allis-Chalmers Mfg. Co., said that the present down- 
ward trend in production was due to a drop in orders in 
late 1954 when the electric load increase, at 2 to 214 
per cent, was running below the trend average. Orders 
for such equipment are reflected in shipments two to 
three years hence. 

The long-term trend is much brighter according to Mr. 
Stevenson. It is generally agreed that the utilities will 


Governors Added to NEMA Board 





T. Pierre Champion 
President 
The Champion Rivet Co. 


A. D. R. Fraser 
President 
Rome Cable Corp. 


Aout 


A. E. Pringle Il 
Vice President 
The Pringle Elect. Mfg. Co. 





J. F. Lincoln 
Chairman of Board 
The Lincoln Electric Co. 
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B. C. Neece 
President 
Landers, Frary & Clark 


W. V. O’Brien 
Gen. Mgr. Apparatus Sales 
General Electric Co. 


double their generating capacity within the next 10 years. 
To do this will require an average growth of 8 per cent 
yearly, compounded. 

Mr. Stevenson stated that, at present cost levels, 1 kw 
of generating equipment costs about $150 and the cor- 
responding amount of transmission equipment $60. 
Applying this combined unit cost of $210 to an estimated 
10 years increase of 100,000,000 kw results in a needed 
total purchase of $21 billion. This looks like an excellent 
paper backlog to the equipment manufacturers. 

Mr. Stevenson said that the utilities have based their 
expansion program on broad economic trends that include 
these factors: 

1. Rising population. The estimate is 27,000,000 ad- 
ditional people in the next 10 years. 

2. Continuous shortage of labor due to the fact that 
only one-third of this increased population will be added 
to the labor force. This will force more mechanization 
in industry and more electric power per worker. 

3. More new homes each year, roughly a million, and 
more electric energy used per home. 

4. An increase in the gross national product of the 
country as reflected from some of the factors listed above. 

Mr. Stevenson concluded by saying that all factors in 
the industry were betting on a rising trend. The climate 
is favorable to increased equipment production, but like 
Mr. Price, he cautioned his listeners that the equipment 
still has to be sold. 

Urges Increased Rate of Mechanization. [nvision- 
ing total shipments of electric products of from $35 to $40 
billion annually by 1965—more than double present levels 

Don G. Mitchell, chairman of the board and president 
of Sylvania Electric Products Inc., urged electrical manu- 
facturers to put to work more and better machines as the 
only means of reaching these optimistic 10-year goals. 
Mr. Mitchell coupled his predictions of the future with 
comments on the long range labor picture in an era of in- 
creasing mechanization. 

In discussing mechanization. he envisioned the com- 
pletely automatic plant, with raw materials going in one 
end and completed products coming out the other, as 
something for the future. Today we are dealing with 
increased mechanization of parts manufacture or sub- 
assemblies. The rate must be accelerated if the electrical 
manufacturing industry is to take advantage of the 
opportunities awaiting it. Mr. Mitchell said. 
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J. L. Singleton 
Vice President 
Allis-Chalmers Mfg. Co. 


A. A. Berard 
President 
Ward Leonard Electric Co. 


He ruled out any fears of mass unemployment due to 
increased mechanization of industry. Instead, while ad- 
mitting that short-term effects can be disruptive, particu- 
larly to the person whose job disappears, the industrialist 
cautioned that unless the rate of mechanization is in- 
creased, the nation will be confronted with a peacetime 
phenomenon—a serious labor shortage. 

In backing up his contentions regarding labor’s future, 
Sylvania’s president pointed out that at year-end, 1947, 
50 million were employed. If, he added, new machines 
and new processes had not progressed steadily, 58 million 
persons would have been required to produce the goods 
and services actually demanded at all buying levels of 
our economy in 1954... and that additional 8 million 
persons could not have been found. 

Turning to the electronics industry, Mr. Mitchell 
forecast a volume of $15 billion in products by 1960. 
and $20 billion by 1964 or 1965. If there were no in- 
creased mechanization for the next few years, the elec- 
tronics industry would need a working force exceeding a 
million. It wouldn’t be available. To meet our opportuni- 
ties, we are depending upon broader and broader use of 
the machine to give our working force the increased skill 
and productivity which the future will demand, Mr. 
Mitchell stated. 

Business Development Program. NEMA has spon- 
sored two broad programs through its business develop- 
ment department. In reviewing its work, W. V. O’Brien. 
vice president, General Electric Co. and new NEMA 
vice president, indicated that about one-fifth the associa- 
tion’s budget goes into the National Adequate Wiring 
Program and NEMA’s Farm and Rural Market Develop- 
ment project. 

Up to the present time, the National Adequate Wiring 
Bureau’s program has been aimed entirely at the resi- 
dential market. This year, however, the NEMA Board of 
Governors authorized inauguration of a commercial and 
institutional adequate wiring program. 

NEMA’s Electrification Bureau is largely a 
product promotion activity. Its program is coordinated 
with utility companies, REA cooperatives, U. S. Depart- 
ment of Agriculture and all other organizations affiliated 
with the National Farm Electrification Conference. The 
Bureau works to promote the greater use and sale of 
motor-driven food production equipment, involving the 
application of electrical component parts, including wir- 


Farm 
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ing devices and controls. It also promotes the use of 
electric appliances over bottled-gas appliances for cook- 
ing, water heating and refrigerating. The Bureau works 
to crack the specialized rural wiring market estimated 
at some $4,250,000,000 in materials and labor. In this 
connection it is sponsoring the first National Farm Wir- 
ing Conference to be held next year. 

Regulatory Problems. Legislative and regulatory 
problems continue to face the electrical manufacturing 
industry. J. J. Mellon, chief engineer, Allen-Bradley Co., 
and chairman of the NEMA Committee on Safety Regu- 
lations, dealt with some of the problems created by codes 
developed at the municpal, state and federal levels. 
Many of these regulations create barriers to the sale of 
electrical products. Municipal codes and _ ordinances 
create the most difficulty. 

As an example, Mr. Mellon said that when the Chicago 
Electrical Code was recently revised, it followed in gen- 
eral the pattern of the National Electrical Code but in- 
cluded several restrictions which unduly increased the 
cost of wiring, resulting in the abandonment of moderni- 
zation in many Chicago buildings. With the help of rep- 
resentatives of NEMA member companies in Chicago 
and of the Commonwealth Edison Co., and also of the 
International Brotherhood of Electrical Workers, a new 
code was promulgated so that all recognized wiring meth- 
ods and materials could be used in the rewiring of exist- 
ing buildings. Unless these artificial trade barriers are 
removed, the success of any adequate wiring promotion 
is seriously impaired. 

Industrial expansion in the atomic energy field has 
opened a new field of regulations, Mr. Mellon stated. 
Regulatory authorities in practically all states feel that, 
in the performance of their duties to protect the public, 
it is necessary to devise new laws and regulations cover- 
ing protection from radiation. The NEMA Committee on 
Safety Regulations is closely following the proposed laws, 
ordinances and regulations in the radiation field and is 
attempting to keep such regulations reasonable. The 
committee is using as a basis for its recommendations 
those of the National Committee on Radiation Protection, 
to be found in about twenty booklets published by the 
National Bureau of Standards. 

Manufacturers of dishwashers and garbage disposal 
units are concerned not only with electrical regulations, 
but plumbing and public health regulations. Unfortunately 
there is no national plumbing code comparable to the 
National Electric Code. The ideas for regulations by 
plumbing, sanitary and public health authorities vary 
much more than those encountered in the electrical in- 
spection field. Mr. Mellon believes that this situation is 
the result of the lack of any organized activity in the 
plumbing industry comparable to that of NEMA’s safety 
regulations activity. 

Equipment Certification. Safety regulations in the 
electrical field have always had two major objectives: 
(1) approval of installations of electrical equipment, and 
(2) approval of the products used in making an electrical 
installation, including the approval of utilization equip- 
ment. Up until about ten years ago, the listings of 
Underwriters’ Laboratories, Inc. covered almost all wir- 
ing materials and equipment which, under local codes 
and ordinances, required the approval of local inspection 
authorities, Today, this is not the case. Switchgear for 
higher interrupting capacities are required. Motor start- 

(Continued on page 328) 


151 








\. G. THOMAS 
INDUSTRIAL CowTROLS CORPORATION 
Chattanooga 9, Tenn. 


Step Motor 
sed in 





FIG. | 


igital Positioning Control 


Multiple magnetic motor with field coils pulsed from d-c source through data 


stored on tape provides high positional accuracy in open-loop servo system. 


DIGITAL POSITIONING POWER-CONTROL in 
an open-loop servo system is provided 
by a special step motor of unconven- 
tional design made by our company. 
This power-control system has been 
built to provide automatic operation of 
milling machines, lathes, 
grinders, radial and other drills, and 
other machine tools and devices. Any 
suitable memory such as punched cards 


presses, 


or tape may be used for storing the 
digital information, although tape is 
preferred. The tape may be printed, 
punched, magnetized, or made conduc- 
tive in spots. Magnetic or capacitive 
pick-ups, photocells, or electrical con- 
tacts can be used for sensing the data 
placed on the tape. 
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The broad principle underlying this 
digital system is that one mark or other 
pulse characterization on the tape cor- 
responds to one angular step movement 
of a motor rotor. Any number of motors 
can be controlled by the coordinating 
tape, the speed of which can be varied 
without affecting the accuracy of the 
workpiece being produced. The steps 
can be made so small that the surface 
formed by the cutting tool appears 
quite smooth. In the automatic milling 
machine shown in Fig. 1, each step 
movement causes a tool displacement 
of slightly less than 0.001 in. By using 
a different 
pitch the displacement per step could 


gear ratio and feedscrew 


be made any value desired. 


No feedback is used, but the motors 
are equipped with special means to 
prevent oscillations and hunting, result- 
ing in a stable system. The information 
on the tape determines the final shape 
of the workpiece regardless of change 
of tape speed, or drift in values of com- 
ponents, or variation of temperature, or 


other While feedback is not 


necessary, it can be incorporated in 


factors. 


special cases where yielding of metal 
or other changes of references might 
occur, or for checking. 

Since the pulsing rate of the power 
supplied to the motor is often several 
hundred per second, a-c power supply 
would not be suitable for the 
speeds. Hence direct current is 


faster 
used 
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Three-dimensional shapes in workpieces are being cut on this vertical miller whose coordinate feed movements are 


powered and controlled by the three step motors shown. Tape reader is at top of rectifier power supply cabinet at left. Fig. 2 


Simplified end view of basic step motor. 


three sets of field poles. 


to supply three sets of field coils or 
phases from an m-g set or a rectifier. 
In the setup pictured, current is dis 
tributed to the three phases through 
three sets of thyratrons, grid controlled 
to act as on-off switches. 

By means of feed screws, the miller 
table is caused to travel lengthwise, the 
saddle to carry the table at right angles, 
and the knee to lift or lower the whole 
assembly carrying the work vise. On a 
rise-and-fall miller, the tool could be 
lowered or raised by a step motor. 

Data are fed to the miller through 
punched 35-mm film. The sensor unit 
is seen on top of the control cabinet 
and the tape is read by photocells, 
using a showcase type lamp as a light 
source. Output from the photocells is 
fed to the grids of the thyratrons 
through small amplifier tubes. A small 
a-c motor drives the film 
sprockets. 

Each motor has three phases so ar- 
ranged that when three associated thyra- 
trons are fired in the desired order the 
stator windings are energized with di- 
rect current, and the rotor revolves in 
steps. Motor speed is inversely propor- 
tional to the longitudinal spacing of 
the controlling spots. holes, or marks 


through 
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of the tape. Firing the thyratrons in 
reverse order causes the motor to re- 
verse. When a motor is reversed the 
oscillation-prevention means is also 
reversed. This can be accomplished by 
signals stored on the tape, or automatic 
reversal can be built into the motor. 

In the three-dimensional milling ma- 
chine control, the thyratrons pass 3.2 
amp average current but the motors 
can be satisfactorily operated with 
considerably less current for this appli- 
cation. The cutting feed rate with the 
present setup is around 18 in. per min 
but the motors have been run at speeds 
corresponding to a feed of 100 in. per 
min with a gear ratio providing 0.00] 
in. displacement per step. The individ 
ual step movements of the motors are 
visible at motor speeds less than ap- 
proximately 30 rpm; above that speed 
the rotation appears to be continuous. 


fAotor Design 


An end view of the basic step motor 
is sketched in Fig. 2 and the side view 
in Fig. 3, while Fig. 4 shows an actual 
motor with 108 poles on the rotor. The 
field pole windings are connected in 
series preferably, to provide alternate 
north and south poles as indicated. The 


Fig. 3—-Stator laminations are assembled in three sections. Fig. 4—Closeup of one 


of the motors of Fig. 1, with endbell removed. Fig. 5—Schematic diagram showing overlap of rotor poles with respect to the 


rotor poles match the stator poles in 
number and spacing. The three lami- 
nated stator units are separated from 
each other by spacers on the tie rods. 
Poles of the stator units are in align- 
ment while the rotor poles are staggered 
with respect to each other by one-third 
tooth width as shown schematically in 
Fig. 5. As a result, the motor will always 
start. It will be observed in Fig. 5 that 
if the other unaligned stator unit, in- 
stead of the next succeeding one, is 
magnetized the motor will rotate in 
reverse direction since for any aligned 
position of the rotor there will always 
be rotor poles overlapping stator poles. 
The direction of rotation thus will de- 
pend upon which stator is energized. 
In the actual motor pictured in Fig. 
4, the rotor units are made of three 
annealed castings of 3 per cent silicon 
steel and the slots forming the teeth 
or poles were milled. The rotors may be 
assembled from punched laminations if 
that construction is preferred. The rotor 
poles are not wound but may be wound 
if exceptional torque is desired. No 
heating troubles have been encountered 
so far, partly because of the fact that 
the teeth are supported by a rim which 


(Continued on page 318) 
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DESIGN TRENDS 





Module Assembly System Uses Snap-in Components 


THe Pin) AssemsBiy Circuir (PAC) 
modular electronic assembly system de- 
veloped by Erie Resistor Corporation, 
Erie, Pa. makes use of standard size 
resistors and capacitors attached to 
printed wiring boards by means _ of 





Fig. 1—Coated and molded mod- 
ules for PAC assembly system. 


snap-in clips. The clips are similar to 
those used for holding miniature car 
: tridge fuses. Contact pins for connect: 
ing the assembly to other sections ol 
the circuit protrude from one edge of 
the board. Typical modules are shown 
in Fig. 1. After assembly the modules 
may be either dip coated or molded 
in a plastics protective casing. The 
completed modules are inserted into 
the main circuit board as shown in 
Fig. 2. 

The resistor and capacitor building 
blocks have the basic dimensions. of 
l.-in. diam and °g-in. length (Fig. 3) 
that have been a standard for composi- 
tion resistors and ceramic tubular capac- 
itors for a number of years. Other com- 






ponents that can be made to these 


Ss standard dimensions can also be used. 
Fig. 2--Six PAC modules 


mee The printed) wiring lavout on the 
of upper circuit board re- 


ws : NEMA XXXP grade phenolic beard 
place 29 conventional - lad j 
components of the lower err. — , re as See 
beard be connected in series, parallel. ot 


series-parallel arrangements with a high 
degree of flexibility. The snap-in clips 
are fastened to the boards with a stand- 
ard center-to-center spacing of 0.200 
in. A partially assembled module is 
shown in Fig. 4. After the components 
are placed in the clips as needed, either 
for experimental work or for produc- 
tion runs, they are soldered and then 
either coated or molded, after which 


yé OL nner electrode ( tor 


elie seonindia alls they are ready for insertion into the 

. main circuit. Upon completion of the 

Fig. 3—Outline drawings of resistor and capaci- necessary production equipment the 
tors used in the PAC electronic assembly system. components will be automatically pro- 
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Positive Film Overlays 
Speed Drawing Preparation 





Fig. + Circuit designer can insert com- 
ponents to suit individual conditions by 





eS 
snapping them into place. 
grammed for insertion into the clips. 
The modules may contain as many 
as 92 individual components in a 
single package. As shown in Fig. 2. Usk OF FILM OVERLAY has resulted in a reduction of up to 
@ a few modules may replace a_ large 95 per cent in the time required to produce customer 
(PAC) number of individually mounted parts. drawings at the Medium Voltage Switchgear Department, 
em de- In an average 21-in. television receive: General Electric Company, Philadelphia. Because of the 
ration, the approximately 120 resistors and ca- large number of different arrangements of components 
rd size pacitors can be replaced by a_ half in each switchgear, the number of unique customer draw- 
hed to dozen or fewer PAC modules. Whether ings required annually runs into thousands. To use the 
ans ol module insertion into the chassis is new system, reusable positive film overlays have been 
ilar to manual or automatic. costs may be con- made for all components. Based on a coded order for 
ze CaP siderably lessened. either by reduced each different switchgear, these overlays are assembled 
onneet- labor costs or equipment costs. into a composite film transparency, from which a trans- 
ions of | Ti. wesinbare used are of the cold- lucent auto-positive is printed by conventional photo- 
‘dge of molded composition type. Nominal re- mechanical methods. The auto-positive, now the original 
shown sistance values are from 5 ohms to 50 tracing, is claimed to be tougher than conventional trac- 
nodules megohms. Power rating is 14 watt and ing paper, and has sharper contrast with dense, crisp lines 
molded tolerances are 5 per cent and wider. which permit higher printing speeds. 
gy. The The capacitors are of the ceramic di- \ major advantage realized in use of this system is 
“d into electric tubular type with capacitance greater drafting accuracy with a saving in time of skilled 
own in stiles temaie 0 gait to, BOOM eeeal ono engineers and draftsmen, due to the elimination of a 
_ rating of 500 volts d-c. Capacitors hav- substantial amount of detailed sketching and checking. 
uilding ing values up to 0.05 mf at 50 volts OOC 
—— ol are in the development stage. 
Fig. 3) 
omposl- 
r Capac: 
er com: | 1 - - 7 
«| Backlash Held to “4 Deg in 100:1 Reduction Gear Train 
1 used. ” 
on the | 
board 


EXTENSIVE USE OF precision gears and 
nts can 


Hel. or 


1a high 


miniature ball bearings has resulted in 
extreme accuracy ot response in a minia- 
ture 100:1 reduction gear train devel- 
oped by the Electronics Division of the 
(American Machine & Foundry Corpora- 
tion, Boston. Output backlash in the 
five-cluster, oscillating assembly has 
been held to less than 14 deg. 

Integral shaft. Precision Class 3 
gears of low pitch diameter (largest 


in clips 
a stand- 
f 0.200 
dule is 








ponents 
1, either 
produc: 
nd then 





is % In.) are mounted with close cen- 

which ter-to-center tolerances (0.00005 in. 

nto the on last two gears, +0.0001 in. on all 

of the others) on miniature ball bearings hav- 

= be ing inherently low axial and radial play. 
FO 


0 radia! ball bearing Each of the five internal shafts is sup- 
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ported by a pair of bearings, manu- 


factured to ABEC 5 tolerances by 
Miniature Precision Bearings, Inc.. 


Keene, N. H. All bearings have a 0.125 
in. bore and are mounted on the shafts 
with an interference fit (0.0003 in. tight 
to 0.0001 in. loose) and in the housing 


with clearance fits (0.0003 in. loose to 
0.0001 in. tight). OD of the two flanged 
bearings and the eight conventional 
bearings measure 0.250 in. and 0.3125 
in. respectively. Housing for the entire 
unit is only 2% in. in diam by 114 ¢ in. 
long. 

The 100:1 reduction gear train is a 
component of the antenna tilt control 
of an aircraft simulator used to train 
Air Force bombardiers and navigators. 





Input torque of oz-in. at 0 to 6000 
rpm, is transmitted through a maximum 
of 470 deg at the output shaft with a 
friction loss of less than 0.01 oz-in. A 
slip clutch mounted on the output side 
limits torque to 25 oz in. to prevent 
damage to other components in case of 
jamming. Thermal distortion effects are 
minimized by 
simulator 


operating the complete 
controlled 
atmosphere. Oo. 2 


assembly in a 


Some Appearance Factors in Motor Design 


E. T. LORENZ 
Small Integral Motor Dept. 
GENERAL ELEcTRIC 


Ft. Wayne. Ind. 


(CLOMPANY 





THE ACCOMPANYING PICTURE, showing equivalent motors of 1920, 1940, 
and 1955 vintage, gives evidence of much progress in motor design. The 
newest motor is smaller and lighter than its predecessors. For this, we 
must credit the motor engineer and his exploitation of advances in 
materials, components and techniques. Credit for progress should not 
stop here, however, because the newest motor also carries the mark of 


the industrial designer—it 


looks better. These good 
from free and fancy artistry, but from very practical design objectives. 


looks come not 


Herewith, some studies in motor appearance together with the reasoning 


Example No. 1. Single-phase, Drip- 
proof Motor. To provide room for ca- 
pacitor within frame, the legs have been 
extended in a crisp arch from either 
side. This design feature together with 
the use of rigid cast iron construction 
has given the motor a rugged “bull- 
dog” look. The baked enamel finish is 
tough, easy to clean and to repaint, if 
necessary. The overall design is clean, 
modern and should blend well with the 
appearance of the driven equipment. 

Example No. 2. Smaller motor is a 
standard horizontal footless polyphase 
motor that has been converted into a 
vertical motor by the addition of a 
pressed-stee]l drip cover, This simple 
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upon which shape and style are based. 


conversion helps cut down motor stock- 
ing because the one type of motor can 
now be used in both positions and all 
that need by kept in stock are the drip 
covers. The cover is firmly secured by 
attachment to the motor through bolts. 
In the larger, single-phase motor, the 
capacitors are housed under the alu- 
minum drip cover. Lifting lugs are a 
part of the end-shield. These 
functional component parts have been 
carefully styled to contribute to rather 
than detract from the appearance of 
the motor. All openings in the top and 
bottom endshields line up, thus giving 


upper 


the whole motor a well-organized ap- 
pearance. Motor frame and endshields 





EXAMPLE NO. | 





EXAMPLE NO. 2 





EXAMPLE NO. 3 


are of cast-iron construction. 

Example No. 3. Appearance of the 
new 3 lb/ft magnetic brake 
used on this fractional-hp motor was 
developed jointly by Stearns Magnetic 


Stearns 
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EXAMPLE NO. 4 


Small In- 
tegral Motor Department's Appearance 
Design Consulting Service. The new 
brake is smaller and lighter. It has an 
external release mechanism that auto- 
matically shows when the brake re- 
quires adjustment. The hand _ release 
can be turned easily 


Inc. engineers and the G.E. 


even if the opera- 
tor is wearing gloves. The release mech- 


anism has been recessed in its hous- 
ing to give it better protection. The 
pressed-steel housing (previously made 
of cast iron) provides a more modern 
compact design that is better integrated 
with the customer’s motor. 

Example No. 4. New lint-free textile 
motor. The appearance design of the 
endshield and the fan cover was de- 
veloped from the functional air flow 
requirements. Both endshield and cover 
are of aluminum. A very smooth finish 
and generous radii are required to 
prevent lint from clogging the air pas- 
sages. The cover is concave at the 
center to deflect the air into the fan for 
a more constant air flow. The end- 
shield and cover are flush with the 
bottom of the motor frame to prevent 
lint from catching on the feet and 
“balling up.” 
these 


Proper integration of 
functional requirements with 
good appearance principles have pro- 
duced a_ practical and 
pleasing design. 


aesthetically 
OO ¢ 


Exposure Test Speeds Corrosion 


DEVELOPMENT OF A 20-DAY INDOOR COR- 
ROSION TEST by the General Motors Re- 
search Laboratories, has resulted in the 
duplication of corrosion effects ordinar 
ily obtained only by three years of out- 
door exposure. Conducted with various 
alloys of chromium, nickel, phosphorus, 
manganese, carbon and copper used in 
automotive sheet steel, these tests have 
shown two principal types of rust attack 
—one protective and the other non- 
protective. The first type develops on 
exteriors where paint is chipped, 
scratched or abraded, and causes dis- 
coloration which can be controlled by 
polishing, waxing or repainting. Even 
without such treatment, however, this 
type of rust forms a protective coating 


and retards further corrosion. 

The non-protective type of rust, known 
as sheltered corrosion goes on continu- 
ally and occurs in hidden, inaccessible 
places from which moisture cannot es- 
cape. Sheltered corrosion has been suc- 
cessfully duplicated in the laboratory 
and has enabled engineers to weed out 
steels with poor rust resistance and se- 
lect samples with improved corrosion 
properties, 

During the test, bare steel panels 
are suspended in a testing chamber at 
a constant temperature of 125 F and hu- 
midity cycled between 10 and 100 per 
cent for 8-hr periods. In addition panels 
are wetted with a dilute salt solution 


once a day to hasten corrosion. 


Grounded Outlet in 
Portable Lamp Guard 


To stmptiry the problem of ground- 
ing saws, drills and other portable 
power tools used in garages and 
shops, a 3-wire convenience outlet 
has been designed into a line of 
portable lamp guards. The outlet 
conforms to the recently adopted 
NEMA standard and is designed to 
receive plugs having two parallel 
heads and U-shaped third blade for 
vround. The cage is grounded by 
means of internal handle construc- 
tion, pictured, with a third terminal 
providing contact with the green 
conductor in the attached cord. 
Grounded guards are furnished by 
maker, McGill Manufacturing Co. 
Inc., Valparaiso, Ind., with either 
the standard closed end or with a 


concentrating end lens as_ shown. 
The handles are molded phenolic 
and the complete assembly with 


Levolier switch is designed to resist 
oils, greases, moisture and abrasion, 





Limit Switch Design Improved by Spring Pins 





READER INQUIRY SERVICE CARDS, PRECEDING 


THE ADAPTABILITY OF SPRING PINS for 
use in holes drilled to ordinary produc- 
tion tolerances or in applications in- 
volving minor hole misalignments has 
resulted in improved operation of a new 
limit switch, designed by the Clark Con- 
troller Co., Cleveland. Essentially, the 
problem consisted of designing a fasten- 
er to hold the operating lever and ser- 
rated hubs to the hardened steel drive 
shaft of the switch mechanism shown. 
Because the intermittent motion of the 
switch would 


loosen taper pins o1 


screws, Rollpins. manufactured by the 


BACK COVER 


Elastic Stop Nut Corporation of Amer- 
ica, were selected. These split pins are 
rolled from spring steel and hardened. 
Their tendency to expand to their nor- 
mal diameter when inserted in under- 
size holes makes them self-locking. Pro- 
duction tolerances may be used on the 
drilled holes. Tests based on 40 million 
operating cycles, including overtravel, 
have shown no loosening of the pins. 

Damage resulting from excessive over- 
travel is prevented by use of the two 
serrated hubs, locked together on the 
shaft with a screw and spring-type lock 
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When 
washer distorts and lets the serrations 
slip. The 


washer. overtravel occurs, the 
force to slip the hubs is 
greater than that met in regular opera- 
tion, including the normal overtravel ot 
30 deg. but is less than that required 
to damage the switch parts. The arm is 
easily repositioned and locked by re- 
tightening the screw and washer. This 
is a major advantage over mechanisms 
which derive their protection from shear 
pins and similar devices. since replace- 
ment of parts is not necessary to place 


the switch in operation again. ) 





Meter Uses Magnet Inside Moving Coil 


THI BASIC CHANGE in the Model 
| instrument of Weston Electrical In- 
strument Corp., Newark 5, N. J. 
its original development 


FIRST 


since 
involves the 
mechanism con- 


use of a core magnet 


taining an alnico V_ core inside the 
moving coil. The outer frame of the 
mechanism serves as the yoke to pro- 


vide shielding and a minimum loss of 


flux. The movement is relatively im- 
mune to the effects of external fields 
and has a high degree of magnetic 


stability. For example, the instrument 
may be used at a distance of only 15 
in. from a conductor carrying 1000 amp 
(a field of 5 oersteds) with a disturb- 
ance of less than 0.1 per cent. C 





Model 


magnet 


Weston 
nico \ 


| instrument using al- 


inside the moving coil, 


Precise Temperature Control of Solution Tanks 





Woter 


heater 


IN DESIGNING A COMPACT spectrographic 
plate developing unit, National Spectro- 
graphic Laboratories Inc., of Cleveland 
was faced with the problem of main- 
taining three photographic processing 
solutions at a single constant tempera- 
ture within +2 F. This was to be done 
without resorting to complex or bulky 
instrumentation. The temperature con- 
trol called for both heating and cooling 
cycles and circulation of the coolant 
and the solutions. The answer to the 
problem took several steps. 

The first step was to house the three 
tanks for developing, fixing and wash- 
ing in a larger single tank, Fig. 1. 
which could then be controlled as a 
constant-temperature bath at 70 F. For 
cooling, the tank is water jacketed and 
tap water is circulated at the command 
of a If the inlet tem- 
perature is above 65 F, it is necessary to 


solenoid valve. 


158 


36 


» 


Fig. 2 


Ther- 


heat 


(above) 
mostats control 
elements or solenoid 


valve through relays. 


supply refrigerated water. For heating. 
a 200-watt immersion heater is placed 
in the bottom of the water bath. 

Bath controlled by 
two Fenwal Thermoswitch units inserted 
through the tank walls, with the sensing 
portions protruding into the bath. One 
of the thermostats is normally closed 


temperature is 


above its set point of 70 F and controls 
cooling by actuating the solenoid water- 





Fig. | (below) Com. 
ponents for maintain 
ing constant tempera- 
ture in photographic 


solutions. 


TL de 
&  THERMOSWITCH 
{CONTROLS HEATER) 


VALVES FOR 

ae aa 
TO STABILIZER 
AND RINSE 
rhs 


pen - CIRCUL AT ING 
fad Ls da * 


bic Soe 4 


valve. to admit cooling water whenever 
the jacket temperature exceeds 70 F. 
as shown in the schematic wiring dia- 
gram, Fig. 2. The other thermostat turns 
on the immersion heater when the tem- 
perature falls below 70 F. A circulating 
pump motor wired in series with each 
thermostat 


operates automatically as 


soon as the water valve or heater is 


actuated and assures quick. uniform 


. . 
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Improved New 


VARGLAS SILICONE|: 
Tubing and Sleeving 


\\ 
: Varglas Silicone has been made more flexible. 
2 


harp turns and 90° bends cause no cracking or 
peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 
\ R\ during the past ten years. Unexcelled where high tempera- 
Vy ; tures must be withstood for several hours — not just for 15 
; minutes. You need not sacrifice abrasion resistance and 
; toughness to get flexibility. The new Varglas Silicone sleev- 
\ ing and tubing will pass cold bend tests at 35° to 40° 
, LOWER temperature than formerly. 





The only Class H insulation 
with all these features: 


Efficient from 500° F. to gS” F. 


Moisture and Fungus Resistant 













Flame Resistant — Self extinguishing 
Abrasion Resistant 


Dielectrically Strong with average readings up to 7,000 


volts. 
Available in 10 colors—at no extra cost. 


ampl 
edi €5 of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient 


CORPORATION 






Makers of sample folder. Just drop us a line telling us your 
bl d it liarities. 
Electrical Insulating ne 
Tubing and Sleeving 


VARFLEX Sales @o.. Tuc. 


309 N. Jay St., Rome, N. Y. 
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mixing within the bath. If neither ther- 
mostat actuates for 5 min, a timer cycles 
the pump for 15 prevent the 
formation of heat gradients in the bath 


sec to 


because of convection through the tank 
walls. In addition developing and fixing 
tanks have separate agitator pumps 
driven by 2-pole, shaded-pole motors. 
Since the outer shell of the Fenwal 
differential expansion thermostat is the 
actual temperature-sensing element, di- 
rect contact of the shell with the water 





provides very fast response to temper- 
ature change. Hence the 2-deg contro] 
is easily obtained. The shell is water. 
tight and requires no additional hous. 
ing for protection. The heads of the 
thermostats are directly threaded into 
the tank wall and may be adjusted from 


Electric Clutch Provides Indexing Flexibility 





ONE OF THE PROBLEMS ENCOUNTERED in 
all indexing and feeding accessories 
is the synchronization of the transfer 
mechanism to the principal equipment. 
In the Trans-o-Mator, Fig. 1, manu- 
factured by the Ferguson Machine & 
Tool Co., Inc., St. Louis, this syn- 
chronization is accomplished simply by 
means of a Warner electric clutch and 
brake combination. The latter makes it 
possible to tie-in the transfer device 
electrically with the main equipment. 

In the Type A Trans-o-Mator pic- 
tured, tooling plates or carriers are in- 
dexed along the periphery of the 
machine. These carriers are supported 
by the frame on anti-friction bearings 
independently of the transfer force. A 
roller chain, moving over three idle and 
one driven sprockets, the 
transfer force. The unit is equipped 
with a complete power transmission, in- 


supplies 


cluding a 2-hp electric motor, speed 
reducer, clutch, brake and a Ferguson 
roller gear drive. This drive provides 
the index movements and consists of a 
special type of worm and wheel me- 
chanism in which the “teeth” of the 
wheel consist of ball bearings. This de- 
sign offers minimum friction and may 
easily be renewed after prolonged wear 
by replacing the standard ball bear- 
ings. A power-control shaft runs the 
full length of the machine for transmit- 
ting power to mechanically actuated 
tooling or for control of pneumatically, 
hydraulically or electrically actuated 
tooling. 

The control circuit is given in Fig. 2. 
Closing the motor start switch energizes 
magnetic starter coil M to establish a 
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Fig. 1—Packaged transfer mechanism. Carrier plates on index- 
ing conveyor are ready for attachment of work-holding fixtures. 


by-pass circuit around the start motor 
switch and the contacts in the 
motor circuit. With the motor running. 
the brake set and the selector switch 
in the “hand”, “off” or “auto” 
tions, there is no indexing, although the 
shaft At this point, 
either jogging or automatic sequence 
be but 


close 


posi- 
control revolves, 


operation may selected. not 


115v o-c 


‘ Emergency 


stop 
To a 
malfunction 
detector 
Stort PP Start 1° 
motor . M index 5 CR2A 
Stop ° 
index . 
°o O qo 
Sa, 
switch 
°o 9 a oO 
esq ese 
- 4 zi ~42 
LS1 
(Cl) 
OL 
OL 


) 


Fig. 2 


the outside. 9 
started. by positioning the selector 
switch. 

For jogging. the selector switch is 


positioned on “hand” and the start in- 
dex switch is depressed. This switch 
closes a direct circuit to control relay 
CRI which immediately changes the 
Warner brake to clutch 


operation. As long as the switch is de- 


control from 


CRIBS CRIA 


| 
1{ A Rheostats 
| 

vo Y 

oo aw > 2 

ee _—_—. > o G 
a= . © — 
a's | ane 


LS2(Br) 


Schematic diagram of control circuit. 
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a switching device actuated by a plunger comb 
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WASHING MACHINES 


a neu contol 


PROVED 


SUPERIOR 
by leading 
manufacturers of 
major appliances 
and in other 
applications 


Jie NEW 
GUARDIAN 


ALL-PURPOSE 












of a relay dad a solenoid. 






VENDING MACHINES 


totally enclosed to resist impact, dust and moisture . . . built to outlast your product! 


It’s here—a towering achievement in the fields of electrical and electronic 
control—the new Guardian RELOID! An exclusive development of Guardian 
Electric, the new Guardian RELOID has been hailed as a highly valuable 
contribution to the Science of Circuitry Design. Positive in action—flexible 
in application—compact—totally enclosed—lightweight— dependable for long 
life operation—priced extremely low. 


GUARDIAN SERIES 1200 RELAY 


Ultra-small... but packed : 4 
with power! Rated up to 8 “Sime ®,* 
amperes for A.C. or D.C. We , an 
Contact combinations up to per 


COIL 


Standard voltages. Available in 
either A.C. or D.C. for any specific 
voltage from 6 to 115. 


Frequency. Standard, 60 cycles. 
Available 25 to 60 cycles, upon 
specification. 


Terminals. Standard, two male 
A.M.P. terminals. 


. 


CONTACTS 


Rating. Up to 8 amperes at 115 
volts, non-inductive. 

Combination. Specify either single 
pole, single throw or single pole, 
double break. 

Insulation. Molded bakelite, tested 
at 1,500 volts, 60 cycles. 
Terminals. Three contact leads, 
plugged with molded bakelite. 
Specify either A.M.P. or Douglas 
type terminals. 


company letterhead to arrange for a 

Duct rdian’s new RELOID* 
PRODUCTION SAMPLE of Guardian's new 
an exclusive Guardian product obtainable only from Guardian, the 
Originator of this great advance in control engineering. 


GUARDIAN 


3 P.D.T. Weighs 1.9 ozs. 
Write on company letter- 
head for details. 


a 





KONTAKTOR GRAM GAUGES 


Measure mechanical pressures 
easily, accurately with these 
precision spring scale gauges. 


ELECTRIC 


Measuring range 
2 to 2000 grams. 
Write on company 
letterhead today 
for free circular 


KG. 





1627-P W. WALNUT STREET 


CHICAGO 


12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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a 


pressed, the clutch will remain engaged 
and the machine will continue to index. 
Phe chain will stop only for the amount 
of time inherent in the mechanical de- 
sign of the roller gear drive. Releasing 
the switch shifts power through CRI 
from the clutch coil back again to the 
brake, stopping the index immediately. 
Thus, intermittent operation of this 
control switch gives jogging action by 
alternate application of clutch and 
brake. Current to tooling from an ex- 
ternal source through contacts CRIE 
or CRIF will be available as long as 
this switch is depressed and will be 
eliminated when the switch is released. 

For automatic sequence. the selector 
switch is turned to “auto” and the start 


index switch is depressed. Now. a cir- 
cuit is made to energize control relay 
CR2- which 
around switch CR2A and also closes 
CR2B. 

LSI and LS2 are two cam-actuated 
limit switches: LS/ is operated from 
shaft (clutch cam) and 
LS2 from the roller gear drive input 
shaft (brake cam). With LS2 held in 
position Vo. 1 by the brake cam = as 
shown on the diagram. and with CR2B 
closed through the = start index net- 
work. LS] is closed to position Vo. 4 
as soon as the control shaft rotates into 


establishes a by-pas- 


the control 


position. A circuit is now made to con- 
trol relay CRI and CRIA 


opens. coil: 


contact 
de-energizing the brake 
CRIB closes energizing the 
CRIC and CRID_ both 


contact 


clutch coil: 


close: and, lastly. CRIE and CRIF 
both open removing tooling power. 


Commutator Standards Affect Motor 


THE NEW NEMA Standards Publication 


for Commutators, CT 1-1955. covers 
mica-insulated commutators (excluding 


those molded construction) 
with a diameter of 3 in. or less at the 


brush track and intended for use with 


having 


electric motors and generators having 


Class A or B insulation. These stand- 


ards were developed by the Commutator 
Section and published by the National 
Electrical Manufacturers 
155 East 44th Street, New 
(Price $1.50) 


\ssociation. 


York re 


Standards are often preceded by un- 
satisfactory conditions within a= given 
field and such was the case here. Up 





When the clutch is engaged. the brake 
LS2 to drop to 
position No. 2, maintaining circuit con- 
irol of CRI through CRIC and CRID 
by means of drop-out 


cam moves to allow 


time delay 
established by rectifier /. 
The control shaft meanwhile rotates 
and its cam opens LS] to position 3. 
Later the brake cam opens LS2 to posi- 
tion J and the entire circuit is opened 
to allow CRI to de-energize to set the 
brake through CRIA and to 
CRIE and CRIF, 
power. The control shaft) rotates into 
position again and the 


open 
removing tooling 
sequence is 
started over. If indexing is interrupted 
at any time by the stop index switch, 
CR2 is CR2B is 
opened but the cycle will be 
completed. In this case it will be neces- 


de-energized and 
index 


sary to depress the start index switch 
again to resume operation. 


Design 


to the present. beth 


motor manu- 
facturers and commutator manufac- 
turers designed commutators in ac- 


ideas and 
theories. This resulted in a multitude 


cordance with their own 
of sizes and types. many of which are 
impractical to manufacture and fre- 
quently fail to fulfill operating require- 





TV Bezel Design for Quick Screen Cleaning 


FOUR SPRING CLIPs, mounted on the inner shoulder of 
the bezel. facilitates quick disassembly of television 
receiver fot 


cleaning of 
Bezel removal exposes cornet 
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fogged-over 
mounting brackets as 
shown. which are unscrewed for 


Receiver is 


glass surfaces. 


spherical safety glass cover and face of cathode tube. 
manufactured by 


Emerson Radio and 


Phonograph Corporation, which has been granted Pat- 
ent No. 2.692.983 on the bezel mount. Emerson engi- 
access to back of | neer Arthur Eisenkramer is the inventor. 
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The New Diehl 12” Moulder 


: ‘ , Cutler-Hammer Three-Star Motor Control is 
The G. M. Diehl Machine Works, Inc., Wabash, Indiana featured: Mere: then Yeunby sedk aeune- 
has long been recognized as a leading manufacturer of sec india cetaaitilaasaith at eacliasaacia inti dilaas 
dependable woodworking machinery. Dependability is 7 : a a a ae Seneca le 
important in woodworking machinery. The service is ahiidahinn oe a of hie: -nmeiteeie 
rugged. The conditions under which woodworking ma- fentiioneavantinnneCulertlemnesIiber 
eee impose many problems not found in other Duty Oil-Tight Pushbuttons. 


Cutler-Hammer is proud to salute this fine company 
for its well-earned reputation . . . and for its latest achieve- 
ment in advanced engineering, the new Diehl 12” Moulder. 

Typical of the leadership shown in the design of the 
new Diehl 12” Moulder is the motor control used. 
Cutler-Hammer Three-Star Motor Control is featured. ' 
More ong twenty such sens - ene equip- i spigaieaaa ae Be ee 
ment on the compact control panel of each machine. All - 
pushbuttons for control of the machine’s functions are e UT . 3 a as A ag 5 a 
the new Cutler-Hammer Heavy Duty Oil-Tight Push- Rathi 
buttons. By all comparisons, this is the finest electrical MOTOR CONTROL == 
equipment available . . . the natural choice wherever pre- om f oe ’ - 
cise performance and dependability are basic design ob- 
jectives. CUTLER-HAMMER, Inc., 1264 St. Paul Ave- 
nue, Milwaukee 1, Wisconsin. Associate: Canadian 
Cutler-Hammer, Ltd., Toronto, Ontario. 
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ments. There are many instances of 
improper use of materials. There is a 
vast number of commutators that 
differ only in the slightest degree and, 
in the majority of cases, these slight 
differences cannot be justified. 

Drawing on their considerable ex- 
perience as commutator specialists, 
particularly in application to small 
universal motors for vacuum cleaners, 
power tools, mixers, etc., and taking 
into consideration the suggestions and 
constructive criticisms submitted by 
motor manufacturers, the members of 
the Commutator Section have developed 
standards for suitable materials, good 
design proportions, adequate selection 
of sizes, limiting speeds and dielectric 
test requirements to satisfy the needs 
of the majority of motor manufacturers 
who use commutators within the scope 
of these standards. 

A study of commutator designs of 
various commutator manufacturers re- 
vealed that practically all troublesome 
commutators had very poor proportions, 
such as too large a bore, too great a 
length for a given outside diameter, 
and too much or too little copper above 
the retaining portion or core. Such 
conditions do not permit a key on the 
commutator segments sufficient to hold 
them securely against the forces to 
which they are subjected from ma- 
chining operations or centrifugal action. 
It was also found that there is a 
practical limit to the number of seg- 
ments for a given diameter. As the 
number of segments increases, the 
thickness of each wedge-shaped or 
trapezoidal copper segments decreases. 
Carried to extremes, the copper be- 
comes so thin that it is extremely 
difficult to form and assemble into a 
completed commutator. Therefore, the 
standard defines the maximum practical 
number of segments for the various 
brush track diameters. 

The two most commonly used ma- 
terials in commutator segments are 
pure electrolytic copper and_ silver- 
bearing copper. Copper containing 
small amounts of silver will withstand 
soldering temperatures better than 
electrolytic copper, without softening. 
Copper with a minimum of 10 oz of 
silver per ton was chosen as the most 
suitable for commutator segments and 
is in common use. 

The new standards define the various 
parts of a commutator and include a ta- 
ble of letter of dimensions and toler- 
ances. The finished brush track diameter 
is used throughout as a reference point 
for all other requirement. Included are 
such items as bore sizes and tolerances, 
thickness of insulating material, basic 
commutator dimensions. testing speeds 
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Work-Level Installation 
Speeds Dishwasher Loading 


BOTH WORK-LEVEL AND UNDERCOUNTER INSTALLATION are featured 
in a new 30-in. automatic dishwasher developed by Youngstown 
Kitchens, Warren, Ohio. Loading of the vinyl covered dish rack 
and polyethylene silver basket is facilitated by provision for sliding 
out the racks on four nylon rollers on each side of the racks as 
shown. Self-baffling door eliminates the necessity for rubber gaskets 
and similar seals. Water is ejected in a series of whirling jets by 
the horizontal, black Bakelite nozzle at the center of the washing 
chamber. Approximately seven gallons are required for the 954 
min washing and drying cycle. Temperature is maintained by a 
900-watt heating element that is also used for drying and to warm 
dishes. A gravity drain is used for overcounter installation; under- 
counter installations, however, can be supplied with a_ special 
pump-out unit. Both delivery and exhaust pumps are driven by a 
14-hp. 1725-rpm, 115-volt motor with permanently lubricated bear- 
ings. Corrosion and mar resistance is provided by means of a rigid- 
ized stainless steel top; remainder of cabinet is finished with baked 
enamel, available in four colors. O00 
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Why Bodine motors are used 


by these 3 leading 





office machine manufacturers 


Victor Adding Machine Company 


| 


“The wear and tear of 16,400.705 machine ‘ BODINE MANUFACTURES 
operations during the exacting perform- ’ FRACTIONAL HORSEPOWER 
ance test failed to break down a Bodine 


ELECTRIC MOTORS FOR: 
motor?’ 


adding machines 


letter openers 





sanders 
vending machines 


exhaust fans 


The Hedman Company 


“For over 33 years we have used Bodine 
motors. We require motors that are small, 
sturdy, long lasting, quiet, trouble-free and 
have a high torque’ 


duplicating machines 
portable tools 

sound recorders 

air conditioners 
check protectors 
respirators 


voltage regulators 





x-ray timers 
traffic signal timers 
stirrers 


calculating machines 


Klopp Engineering Company envelope sealers 


3 diesel governors 


; m ... and for many other 
“Since 1936 we have not had a single y D as y 
; , a * . applications. 
motor failure on this unit, which is cer- 
tainly the reason that we are continuing 
to use your motor.’ 





Write Today 


50th Anniversary 





Ask for a sample copy of “The Motorgram,” 


oe | ey F 


a bi-monthly publication discussing application 
fractional 


horsepower and design of fractional horsepower 


M ‘@) % & ey FX eae electric motors. 


Bodine Electric Company, 2256 West Ohio Street, Chicago 12, Ilinois_ 
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for given diameters and dielectric test 
requirements. For instance, the stand- 
ards provide that a commutator which 
will finish to a % in. brush track 
diameter shall not have more than 22 
segments and shall be capable of with- 
standing 35,000 rpm and a dielectric 
test of 1000 volts: com- 
mutator which will finish to a 1 in. 
brush track diameter shall not have 
more than 36 segments and shall be 
withstanding 27,000 rpm 
and a ground test of 1500 volts. 
Commutator bore size requirements 
have been a particularly troublesome 


whereas a 


capable of 


problem. One commutator manufac- 
turer alone has been required to supply 
17 sizes in a range between 0.3677 and 
0.3873 in. In an effort to overcome this 
condition, the new standard provides 
that bores shall be in increments of 464 
in. for diameters of 0.1562 to 0.5000 
in. inel.; 42 in. for bores of over 
0.5000 to 1.0000 in. incl. and 46 in. for 
diameters over 1.0000 to 2.0000 in. incl. 
Tolerances for similar ranges have also 
been set up. 

The application of Publication No. 
CT 1-1955 to future design require- 
ments should eliminate many of the 
previous difficulties experienced by 
producers and users of commutators. 
The publication should serve motor de- 
signers in selecting a commutator of 


Stainless Steel Selection Guide 


PREPARED AS A HANDY REFERENCE GUIDE 
for designers, this chart presents the 
major differences individual 
grades of stainless steel and provides 


between 


selected information on chemical com- 
position, structure and general charac- 
teristics. Stainless often 
grouped according to number, such as 
the 300 and 400 series; alloy content. 


such as “18-8,” “12 per cent chromium,” 


steels are 


or “17 per cent chromium”: or accord- 


| Per cent Per cent Per cent 

Type | carbon, chromium, nickel, 
number max max max 
F 201 0.15 16-18 3.5-5.5 

202 0.15 17-19 4-4 

301 0.15 16-18 6-8 

302 0.15 17-19 8-10 

302B 0.15 17-19 8-10 

303 0.15 17-19 8-10 

303Se | 0.15 17-19 8-10 

304 0.08 18-20 8-12 

304L 0.03 18-20 8-12 

305 0.12 17-19 10-13 

308 0.08 19-21 10-12 

309 0.20 22-24 12-15 

309S 0.08 22-24 12-15 

310 0.25 24-26 19-22 

310S 0.08 24-26 19-22 

314 0.25 23-26 19-22 

316. 0.08 16-18 10-14 

316L 0.03 16-18 10-14 

317 0.08 18-20 11-15 

321 0.08 17-19 9-12 

347 0.08 17-19 9-13 

348 0.08 17-19 9-13 

403 0.15 11.5-13 

405 0.08 11.5-14.5 

410 0.15 11.5-13.5 

414 0.15 11.5-13.5 | 114-2! 

416 0.15 12-14 

416Se 0.15 | 12-14 

420 0.15 12-14 

430 0.12 14-18 

430F 0.12 14-18 

430F Se 0.12 14-18 

431 0.20 15-17 14-2 

440A 0.60-0.75 16-18 

440B | 0.75-0.95 16-18 

440C 0.95-1.20 | 16-18 

446 0.20 i 23-27 





F—Ferritic, not hardenable. 
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ing to structure such as austenitic, mar- 
tensitic, or ferritic. To eliminate some 
of the confusion stemming from these 
various designations the accompanying 
chart. prepared by the American Iron 
and Steel Institute, enables designers to 
tell at a glance the relationship among 
the various grade of stainless steel in 
a series or group. 

While trade 


names and numbers for the standard 


there are numerous 


AISI Standard Types of Stainless Steels 


Other Structure® | 
Mn 5.5-7.5 | Cr—Ni—Mn equivalent of 301 
Mn 7.5-10 Cr—Ni—Mn equivalent of 302. 
Rapid work hardening rate. 
General purpose “18-8”. 
Si 2-3 Higher scale resistance than 302. 
S$ 0.15 min Free machining version of 302 for heavy cuts. 
Se 0.15 min Free machining version of 302 for light cuts 
General purpose weldments. 
Weldments subject to severe corrosion. 
Low work hardening rate. 
For welding rods and electrodes. 
\ments. 
Si 19-3 Maximum heat resistance. 
Mo 2-3 
Mo 2-3 
Mo 3-4 
Ti 5X<C min 


Cb-Ta 10C min 


Cb-Ta 10<C min; \tlon. 
Ta 0.10 max 
| Turbine blading. 
Al 0.1-3 } Low hardenability for weldments. 
| General purpose 12° Cr type, hardenable. 
High strength version of 410. 
S$ 0.15 min Free machining version of 410 for heavy cuts. 
Se 0.15 min Free machining version of 410 for light cuts. 
High hardness with heat treatment. 
| General purpose 17% Cr type, not hardenable. 
$ 0.15 min | Free machining version of 430 for heavy cuts. 
Se 0.15 min Free machining version of 430 for light cuts. 
High impact strength. 
Mo 0.75 max f 
Mo 0.75 max 
Mo 0.75 max 


NSZSZSZS2 "7 "43SSB2222 Prrrrrrrrrrrrrrrrrrrr>r 


*A—Austenitic, not hardenable by heat treatment. Hardness and strength increased to varying degrees by cold working. 
M—Martensitic, can be heat treated for high strength and hardness. 


A complete table of chemical compesitions may be obtained from the American Iron and Steel Institute, 350 Fifth Ave., New York, N. Y. 


Scale resistance and high strength at elevated temperature; 309S for,weld- 
Similar to 309 but possesses higher heat resistance; 310S for weldments. 


High resistance to certain chemicals such as halide salts. 316L for weld- 
\ments. 317 has even greater corrosion resistance in these applications. 


(Stabilized for weldments subject to severe corrosion and/or heat at 800-1650 
{ F. 347 offers even greater corrosion resistance. 348 has very limited applica- 


‘Best combination of strength, hardness and corrosion resistance. 


Scale resistance in high temperatures with sulfur-bearing gases. 


standard meet their 
specific requirements. The Commutator 
Section of NEMA believes that these 


greatly 


proportions to 


standards — will reduce — the 
number of designs and specifications 
which are impractical from a_ per- 
formance standpoint as well as from a 
production standpoint. Furthermore, 
commutator manufacturers should be 
able to improve their service to the 
motor and generator manutacturers. 
With a view of developing 
standards, the section is now studying 
additional 
electrical 
the use of plug gages, slotting toler- 


future 
problems associated = with 


testing. centrifugal testing, 
ances and methods of inspection. as 


well as tolerances for manufactured 


~ 


Vee rings. 


types of stainless. the use of standard 
AISI type 
for accurate specification. These num- 


numbers is recommended 
bers have been established to reflect 
current industry practice and provide 
users with a single specification number 
recognized by all producers. As indus- 
try needs change or new compositions 
standard, type 


become accepted as 


numbers are revised accordingly. 
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New Components 
and Materials 


A staff compilation of the latest—and only the latest—developments . 


screened for designed-in use in electrically operated end products 


2 « e COM- 


plete with all released specifications and available application data. 





GEARED INDUCTION MOTOR UNIT PRODUCES STRAIGHT LINE ACTION 


Newly developed motor assembly can 
be used to actuate switches, levers and 
other mechanical devices that require 
straight line action. Model 311-R Safe 
Return Motor converts power taken 
from a pair of high speed induction 
motors into lateral motion through a 
rack and pinion gear system. Because 
of the dual motors, the device provides 
a power stroke on both forward and 
return strokes. This improved system 
is said to provide more accurate, posi- 
tive control. 

Arm of the device can be made to 
operate over a distance as great as 12 
in. forward or backward. It will lift 
approximately 25 lb (direct pull) a 
distance of 4 in. in 30 sec. This pull 
can be duplicated in either direction. 
Direction is reversed through an operat- 





ing switch that can be mounted away 
from the motor. 

The motor can be energized for opera- 
tion in either direction by coupling it 
to a thermostat or timing device. It 


SUBMINIATURE ROTARY SWITCH OFFERS UP TO 12 POSITIONS 


Low-current, subminiature rotary 
switches, with a 1.160 in. diam includ- 
ing contacts, offer 12 stator positions 
per deck exclusive of poles. Designated 
the Series 7000, the switches are de- 
signed for use on electric and electronic 
testing equipment, and miniaturized 
and transistorized devices. Standard 
contact arrangements range from 1] 
pole, 12 positions to 4 poles 3 positions; 
all have positive indexing with 14 in.- 
lb torque. One, two or three decks can 
be supplied with continuous rotation 
with single pole or stops for multi-pole 
operation. 

Construction feature is the wafer or a 
specially impregnated glass melamine 
which has high humidity resistance and 
is tough but not brittle. Wafer contacts 
are silver-plated and double wiping for 
low contact resistance and self-cleaning 
for iong life. 





Solder-type lugs are provided on the 
wafer’s connection ends for ease in wir- 
ing. Single-piece rotor-contact con- 
struction minimizes resistance and fail- 
ure from corrosion and other harmful 
effects. Rotor contacts are silver alloy 
supplied in either shorting (make- 
before-break) or non-shorting (break- 


before-make) types. The one-piece 
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can be used to operate louvres, windows 
or heavy mechanical equipment that 
must be opened, shut or moved laterally 
either automatically or by remote con- 
trol. 

The device cannot be harmed by stall- 
ing due to overloads. In case of over- 
load, the induction motor will jam. 
holding the unit in the stalled position 
indefinitely without damage. Normal 
operation can be resumed as soon as 
the load is decreased. 

The motor is available for 20-volt 
or higher applications on 25, 50 or 60 
cycle current. It requires a minimum 
mounting space, excluding throw of the 
arm, of 5 in. x 3-34 in. x 5-14 in. 
Gleason-Avery, Inc., Auburn 1, N. Y. 


Cizcle No. 1, Reader Inquiry Service Cards 
preceding back cover 


detent mechanism has a single moving 
part. 

Secure mounting is achieved by 
means of a 1/4 in.-32 threaded bushing, 
1/4 in. long. Standard pointed-type 
black plastics knob, mounting washers 
and hex nut are provided. Maximun 
panel thickness is 1/8 in. Overall depth 
of the switch behind panel is 0.600 in., 
for the single deck type, to 1.160 in. for 
the three-deck model. 

Contact resistance is 0.015 ohm; di- 
electric strength, 1000 volts rms mini- 
mum; insulation resistance, 100 meg- 
ohms min; current-carrying capacity, 1 
amp at 50 volts d-c; and current break- 
ing capacity, 250 ma at 50 volts d-c or 
noninductive a-c load. International 
Instruments Inc., 486 Derby Ave., New 
Haven, Conn. 


Circle No. 2, Reader Inquiry Service Cards 
preceding back cover 
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PERFECTION 


WORM GEAR 


SPEED REDUCERS 


available in 





COMPLETE SERIES 





Don’t go hunting around for Speed 
Reducers. Your nearest distributor 
has a complete series of Perfection 
Speed Reducers with ratios ranging 
from 5 to 1 to 60 to 1. Furnished 
with worm on top or bottom as 
desired. 


Shafts are mounted in Timken 
anti-friction roller bearings. 
Threads are precision ground and 
accurately mated with worm gear. 
Heavy rigid cast iron housings . . . 
integral worm and shaft. The close 
limits to which all parts are held, 
assure maximum load carrying 
capacity, and long trouble free 


service. 
Write for free 8 page Bulletin 


No. R-20 listing the complete 


Perfection Series. 


Aa 


Perfection Gear Company « Harvey, Ill., U.S.A 
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RUBBER SIZED FIBER OFFERS 
RESILIENCY AND WEAR- 
RESISTANCE 


Special grade of vulcanized fiber in- 
corporating an oil-resistant Hycar syn- 
thetic rubber sizing, identified as Type 
RS-10H. number of the 
desirable properties of both rubber and 
vuleanized fiber. Having a friction co- 
efhcient higher than that of conven- 
tional vulcanized fiber and improved 
resistance, Type RS-10H is 
useful for gasketing and similar appli- 


combines a 


chemical 


cations. 

Uniform dispersion of Hycar through- 
out the vulcanized fiber makes this ma- 
terial particularly suited for abrasion- 
resistant uses, since it does not have a 
surface coating to wear off. Both its 
fiber and rubber components are not 
affected appreciably by oil. 
properties of the 
thick) include: 


Typical 


material (0.109 in. 


Tensile strength, psi 
MD 11,500 
CD 8.500 
Compression strength. psi 26,000 
Rockwell hardness, R-scale 17 
Compressibility, NVF method. 
inches per in. of original 


thickness 0.109 
Recovery, inches per in. of 
original thickness 0.073 


The fiber is now supplied in thick- 
nesses from 0.015 in. to *<-in. inclusive. 
NEMA standards for 
thickness tolerances 
Vulcanized Fibre Co.. 
Wilmington. Del. 


Circle No. 3, Reader Inquiry Service Cards 
preceding back cover 


sizes and 
apply. National 
1055 Beech St.. 


sheet 


GERMANIUM POWER 
RECTIFIER STACKS 


Germanium rectifier power stacks fea 
ture a new design resulting in better 
heat dissipation, weight reduction and 
improved rigidity. Improved heat dissi- 
stacks is 
eliminating the conventional center as- 


pation of the achieved by 
sembly bolt and insulating doughnuts. 
In the new design, the plates are held 
at the sides; thus the full area of the 
plate is available for cooling. 

The light weight of the stacks results 





























from use of two laminated fibrous glass 
side strips for assembly of the stack, 
Additional feature of the design is that 
connecting terminals in the stack are 
stamped out as part of the plate cor- 
External 
soldered directly to the plate, eliminat- 


ners. connections may be 


ing terminal lugs. All 
are tinned, and will clip out easily and 


plate corners 


squarely to allow passage of bus bars 
between nonadjacent plates. 
Electrically, the 


germanium powet 
stacks permit a completely — flexible 


range of ratings, from 15 volts and 0.35 
amp to 888 volts and 2 amp, in over 
100 standardized combinations. 
Rectifying elements used are Federal 
IN91, IN92, and IN93 diffused junction 
germanium power rectifiers. Components 
Div.. Federal Telephone and Radio Co., 


100 Kingsland Rd.. Clifton, N. J. 


Circle No. 4, Reader Inquiry Service Cards 
preceding bock cover 


IMPROVED 

MAGNETIC BRAKE 

Design improvements in H Style 1200 
Series brake 
dimensions with no decrease in torque 


magnetic have reduced 


[ p to 5-3 


rating. 4 in. less clearance is 





required for housing removal on the 
brake, designed for use in the 50-100 
hp range. The diameter has been re- 


duced 2 in.: 


length has also been 
shortened. Four torque ratings are 
available: 230, 345. 460 and 575 \Ib-ft. 
The brake may be supplied for motor 
or floor mounting and may be arranged 
to operate on a-c OF d-c. Stearns Mag- 
netic, Inc., 635 S. 28 St.. Milwaukee 


16. Wis. 


Circle No. 5, Reader Inquiry Service Cards 
preceding back cover 









EPOXY-RESIN BONDED 
GLASS LAMINATE 


Glass-base sheet laminate bonded with 
an epoxy resin, now available in pro- 
duction quantities, has been designated 
Grade G-10-860. The material is sup- 
plied as either a standard laminate ot 
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Hand-split mica from selected grades is scarce 
almost all imported. 


Treated and untreated continuous machine-made 
sheet mica now freely available in capacitor grades 





Revolutionary new capacitor material 


offers 


... With improved performance in 
both stacked and rolled capacitors. 


Two new products developed by 
Mica Insulator Company offer many 
important advantages, savings and 


new design opportunities in stacked 
and rolled capacitors. 


These new materials are Capacitor 
Grade Isomica® and Samica® ma- 
chine-made continuous, 100% pure 
mica. Capacitor Grade Isomica is 
treated and impregnated / special 
na -temperature resins, Capacitor 
Grade SaMica is a manufactured con- 
tinuous, pure mica product and may 
be impregnated by the user. 


Better stacked capacitors at lower 
cost. Previously only high grades of 
costly natural mica could be used in 
stacked capacitors. Supply was, and 





continues to be extremely limited. 
Capacitor Grade Isomica and Samica, 
available in unlimited quantities, may 
now be used in many stacked ca- 
pacitor applications in jet aircraft 
ignition and electronic systems, as 
well as high-powered ground radar, 
etc. Use of these new materials makes 
possible stacked capacitors which are 
much less costly, easy to manufacture 
by automatic techniques. 


Better performance in rolled ca- 
pacitors. In rolled capacitors, organic 
paper and other materials used were 
subject to failure at high temperatures. 
Capacitor Grade Isomica and SaMica 
make possible rolled capacitors that 
perform well over a wide temperature 
range . In many cases mean a re- 
duction in size and weight for the 


cost savings up to 90% 


Important savings, opportunities. 
Capacitor Grade Samica is freely 
available in sheets 36" wide, tapes or 
punched pieces. Capacitor Grade 
Isomica is available in sheets 36" x 36" 
or fabricated pieces. They offer you 
manufacturing economies and lower 
material costs, inventory savings, new 
design possibilities in both miniature 
and large sizes, better physical and 
electrical properties, and alleviate 
dependence on foreign sources of 
supply. 
Mail This Coupon 
for Complete Technical Data 

eo ¢@ 6 8:2 6:6 @ 6 @ @'@ 


Mica Insulator Company ° 
e Schenectady 1, New York 


I am interested in your new Capacitor 
e Grade Isomica and Samica. 


a 
same electrical rating. * () Please send technical data ° 
* (J Please have Technical Service > 
. Representative call. ° 
MICA INSULATOR COMPANY —=°™ 
a 
Schenectady 1, New York ‘ 
: ‘ nets es » Company - 
Offices m Principal Cities as ; 
In Canada—Micanite Canada Ltd., Granby, Quebec ee ep ee ee a Cee 
® Laminated Plastic « N ® Built-up Mica « ®) Coated Fabrics and Papers * |SOMICA ® 
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/ 
x CURTISS-WRIGHT 


now offers 


THE “SNAPPER” 
THERMAL TIME 
DELAY RELAY 


Relied on for positive action 
and long life in scores of ap- 
plications involving time delay 
in electrical circuits, the 
“SNAPPER,” formerly pro- 
duced by Elly Electronics 
Corp., is now a Curtiss-Wright 
product. 

Single pole, double throw 
contact action eliminates chat- 
ter. These unique relays feature 
snap action, double throw, re- 
liability, small size. They are 
adaptable to military and com- 
mercial applications. Time de- 
lay periods: preset from 3 sec- 
onds up. Envelope: metal, 
miniature (7 and 9 pin) or oc- 
tal (8 pin). Glass, 9 pin only. 


High-Low Differential Thermostat 


The “SNAPPER” Thermostat is a 
single pole, double throw snap ac- 
tion temperature sensitive 
switch. Its snap action prin- 
ciple has been extended to 
provide a low differential 
thermostat with precision char- 
acteristics, at low cost. 








Write for detailed data 


“ 
ELECTRONICS Divistow L™Y4 
CORPORATION - CARLSTADT & 


with copper foil on one or both sides 
for printed circuits. High bond strength 
and excellent dip solder 
make is especially useful for this ap- 
plication. Flexural strength of Grade 
G-10-860 at temperature is ap- 
proximately 50,000 psi, with the mate- 


resistance 


rial retaining better than 50 per cent of 
this strength after exposure to 130 C for 
l hr. 

\s a component in electrical or elec- 
tronic devices, the epoxy laminate has 
excellent insulation resistance (>1.000- 
000 megohms). In addition, it has ex- 
ceptionally good dimensional stability, 
because of its low moisture absorption 
and the glass base used; it is also prac- 
tically free from crazing. 

Typical properties include: 


Flexural strength. 1 in. 
re 


thick, psi 


Cut lengthwise. 58.300 

Cut crosswise, 19.200 
Impact strength, ft-lb per 

in., 14 in. thick, 

Cut lengthwise, 9.1 

Cut crosswise, 6.8 
Water absorption, per cent 

gain 0.12 
Bond strength, Ib, Cond. A 1940 
Dielectric constant, 1 me. 

Condition A 1.61 

5 Fl 

\rc resistance, sec, 

Condition A 23 
Bond strength, 1 in. wide 

strip, lb. 814-9 
Hot solder resistance. sec. 

250 C 730 

270 C 730 


standard 
with thicknesses 
2 in. National Vulean- 
1055 Beech St... Wil- 


Material is supplied in 


36x 47 in.. 
1 


sheets 
ranging from }3»- 
ized Fibre Co.. 

mington, 99. Del. 
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APPLIANCE SWITCHES 


Developed to meet the requirements of 
all types of domestic appliances, in- 
cluding washing machines, driers, and 


series of 


disposers. new 


garbage 





switches are available in two actuator 
designs. 

One. designated 1PL1. has a button 
actuator: the other, identified as 2PL1, 
has a plunger actuator which operates 
through a threaded bushing. The 
switches also have slotted switch cases 
which facilitate auxiliary 
actuators. Any actuator that 
is 0.250 in. wide can be inserted into the 


slot. The actuator is held securely by 


assembling 
resilient 


one of the mounting screws when the 
switch is mounted. Overtravel stops on 
the actuators permit repeated full over- 
travel without damage to the switch. 
Switches are available with either 
single- or double-throw contact arrange- 
ments. Snap-on type terminals permit 
easy wiring. The switches have these 
electrical ratings: 15 amp, 125 or 250 
1 hp. 250 volts a-c: 


125 volts a-c. 


volts a-c: lo hp, 
Other specifi ations in- 
clude: operating force, 20 0z max; re- 
lease force, 3 0z min; overtravel, 0.050 
in. min: and differential travel, 0.010 
in. approx. Micro Switch, 
Minneapolis-Honeywell Regulator Co., 
Freeport. III 
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Division of 


EX PLOSION-PROOF DUST- 
TIGHT PANELBOARDS 


Especially developed both for hazard- 
ous locations and for use where cor- 


rosive vapors, noncombustible dusts o1 





moisture are present, Type EWP Panel- 
boards with circuit breakers provide 
circuit protection on wiring systems up 
to 120 volts. 

Completely accessible for connecting 
main and branch circuits on installa- 
tion, all terminal blocks are located in 
the upper housing, which is available 
in two sizes. The smaller terminal block 
housing is used for panels with up to 
12 single-pole -cireuit breakers (or six 
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industrial 





power rectifiers 


The WIDEST RANGE 
in the INDUSTRY 


* Power Ratings from Microwatts 
to thousands of Kilowatts! 


* Efficiency to 87 
The most widely used Industrial Power Rectifiers in industry today. 


International Rectifier 


C Oo R ad Oo R A . 1 Oo N 


EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA © PHONE OREGON 8-6281 
New York Office: 501 Madison Avenue, Phone Plaza 3-4942 ¢ Chicago Office: 205 West Wacker Drive, Phone FRanklin 2-3889 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave. W., Toronto, Ontario * Phone RU 1-6174 
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BALLS: 


MADE OF STEEL, 
BRASS, BRONZE, MONEL- 
METAL, STAINLESS STEEL 


















HOOVER 


The Aristocrat of 
Bearin gs 





BALL BEARINGS: 


AMERICA’S ONLY 
BALL BEARING WITH 
HONED RACEWAYS 





HOOVER BALL 
AND BEARING COMPANY 
ANN ARBOR, MICHIGAN 








2-pole breakers) . MIDGET RELAY WITH 
MULTIPLE CONTACT 


COMBINATIONS 


Series 1200 a-c or d-c relay is rated up 


the larger. for panels 
with up to 24 single-pole circuit break- 
ers (or twelve 2-pole breakers). Con- 
nections between circuit breakers and 
terminal blocks are factory-wired. 

to 8 amp. at 115 volt. 60 eveles. non. 
Overall 
1-1). in. long. | in. wide. 1-'y in 
high. Weight. 1.9 oz. 


Contact 


Circuit-breaker housings. containing 


either two single-pole or one two-pole inductive load. dimensions: 


breaker, are equipped with external 


operating handles. which can be 


pad- 


avatlabl 


combinations are 


locked in either the on or off position. 
Thermal-magnetic circuit breakers are 
trip-free from these handles. and can- 
not be held closed under overload ot 
short circuit. 

mounting 


Regularly arranged for 


with conduit 


EWP 


furnished inverted with branch connec- 


branch openings at the 


top, Type panelboards can be 
tions at bottom. Removal of threaded-in 
bushings in the drilled and tapped con- 
duit openings permits use of next larger 





size conduit. All panelboards have pipe 
plugs in one half of the branch hubs; 
seals are provided between all housings. 
Crouse-Hinds Co. Wolf & Seventh 
North Sts.. Syracuse 1, N.Y. 
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up to three pole. double throw. Solder 


terminals are molded in a phenolic 


block. 


insulation to 


barriers for over-surtace 
meet Ul 


\pplications include use in computers. 


with 
specifeations, 
remote control units. automatic selee- 
tors. electronic controls and = switching 
devices. 
SINGLE SOLENOID PILOT 
OPERATED HYDRAULIC VALVE 3 af interlock arrangement-. Guardian 
Electric Manufacturing Co... 1627 WW. 
Walnut St.. Chicago 12. Il 
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Unit is also available in a. variety 


Single solenoid pilot operated hydraulic 
valve for automatic control of hydrau- 
lic circuits is conservatively designed 


for full 3000 psi. A subplate type for 


CERAMIC TUBING FOR 
INSULATING ENCLOSED 
HEATING ELEMENTS 


Crushable AlSiMag 555 ceramic tubing 


for insulating enclosed heating — elt 


ments is an excellent electrical insula 
tor and a superior conductor of heat. 


It is suitable for use in electric ranges. 





panel mounting. valve is available in 
'2, 34. 1, 1-14 and 1-'% in. sizes. 
Model 6615 valve is said to meet all 
JIC) requirements and features a_ full 
capacity rated at 3.6 gpm at 15 fps. 
The heavy, continuous-duty solenoid is 
shock-resistant and operates on 3.6 amp 


inrush and 0.45 amp holding at 115 





volts. The wiring box has a terminal 
strip and is dust-sealed: *'2-in. conduit 


immersion heaters 


heaters and 


7 . re ; water 
connections are provided. The solenoid 
; ; of all types. 
has spring return: spool is shock-re 
; Use of the tubing t+ said to spee 
sistant, featuring a scalloped design and : 

assembly operations. guard against in- 


built-in metering grooves vermitting : ; : 
oe a. © sulation skips or gaps and to provide 


easier. faster flow and reduced impact. 
Rivett Lathe & Grinder. Inc.. Brighton 
35. Boston. Mass. 
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control over the heating unit and wire. 

Elements are easily inserted into the 
holes in the tube: then. the ceramic is 
slipped into the outer metal sheath of 
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READER 


The coordinated efforts of Lorp development 
engineers and product engineers of the Weller 
Electric Company have resulted in several “‘built- 
in” performance advantages in the outstanding 
Weller Power Sander. 

Lord Vibration Control units control the sand- 
ing plate action by (1) maintaining alignment of 
the plate to achieve straight-line motion, (2) 
eliminating vertical “‘bounce”, and (3) trans- 
ferring even pressure to all points of the sanding 
plate. In addition to these advantages, the flexi- 
bility of LorbD units adds greatly to the service 


Two of these LORD units are € 


ing operating advantages on the 


NEW YORK, N. Y. - Circle 7-3326 
CLEVELAND, OHIO - SUperior 1-3242 
DETROIT, MICH TRinity 4-2060 
DALLAS, TEXAS - Riverside 3392 «+ 


“In Canada — Railway & Power Engineering: Corporation Limited” 


LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA 
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ANOTHER UNUSUAL PROBLEM 


PHILADELPHIA, PA. - LOcust 4-0147 
DAYTON, OHIO - Michigan 8871 
CHICAGO, ILL. - Michigan 2-6010 

LOS ANGELES, CAL. - HO!Ilywood 4-7593 





life of this sander by eliminating damaging rigid 
construction. 

The LorpD application on the Weller Sander is 
typical of many LorD contributions to better 
product performance through bonded-rubber 
vibration control units. 

LorD is continually presenting new concepts 
in practical, efficient vibration control. Why not 
investigate the advantages LorD units will bring 
to your products? Simply contact the Lorp Field 
Engineer nearest you or LORD MANUFACTURING 
COMPANY, ERIE, PENNSYLVANIA. 





ORD) 


SOnDED RUBE 





SOLVED BY LORDec:« 


~. IMPROVED SANDING PERFORMANCE 
WITH LORD VIBRATION CONTROLS 


designers 

and producers 
of bonded 
rubber 
products 
since 1924 


vl 






















































TOPHET A® 
Nickel Chrome 


TOPHET C® 
Nickel Chrome Iron 


EVANOHM ® 
Nickel Chrome 
RODAR® 
Nickel, Cobalt, Iron 


CUPRON ® 
Copper Nickel 


MANGANIN 


BALCO® 
Nickel tron 


PURE NICKEL 
FILAMENT WIRE 
GRID WIRE 
CARBONIZED 
NICKEL 


BERALOY A® 
Beryllium Copper 


STAINLESS STEEL 
MONEL 
COBENIUM ® 


For Over a 
Quarter Century 
Manufacturers 
of Dependable 


















































SPECIFY @ ELECTRICAL, 
ELECTRONIC AND MECHANICAL ALLOYS 
IN WIRE, ROD, RIBBON OR STRIP — 


A fully equipped Spectrochemical labora- 
tory is the latest addition to the scientific 
controls used by Wilbur B. Driver to insure 
quality. Quality checks are now made faster, 
and with even greater accuracy. The skill 
and experience of over a quarter century of 
specialized manufacture is available for 
the solution of problems involving special 
alloys. Address inquiries to: 


WILBUR B. DRIVER CO. 


McCARTER HGWY., NEWARK, NEW JERSEY 
ELECTRICAL, ELECTRONIC, CHEMICAL and MECHANICAL ALLOYS 








the heating element and = swaged 
Swaging crushes the ceramic. forms a 
compact layer of small particles com- 
pletely surrounding the element, and 
holds it firmly and permanently in 
place. American Lava Corp., Cherokee 
Blvd. & Mfgrs. Rd... Chattanooga 5, 
Tenn. 
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TOTALLY ENCLOSED 
AIRCRAFT MOTOR 


Totally enclosed aircraft motor suitable 
for blower drive, pump drive, and simi 
lar equipment, delivers 14 hp continu- 
ously at 5700 rpm, operating on 3-phase, 





100 cycle, 208-volt a-c. Starting torque 
of the motor is 4.5 in.-lb, maximum 
operating altitude level is 50.000 ft. 

Designated Type SDVA. the motor 
is cooled by a fan which blows air over 
the ribs of the frame. Motor weighs 
only 6.5 Ib. and has been manufactured 
to applicable military specifications. 
Also available is explosion-proof Type 
SEVA. U. S. Electrical Motors Inc., 
Aircraft Div., Box 2058. Terminal An- 
nex, Los Angeles 54. Calif. 
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COATED FIBROUS GLASS 
SLEEVINGS WITH TRACER 
STRIPES 

Tracer stripes on vinyl-coated and _ sili- 
cone-rubber-coated Fiberglas sleevings 
for electrical insulation are now avail- 
able. The tracers match the heat en- 
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Engineered by Tinnerman... 


NEW 
SNAP-ON MOTOR CLIP 
a REPLACES 4 PARTS 


Cuts Assembly Time and Costs! 


If you manufacture 
or use fractional horse- 
power motors, this new 
Tinnerman SPEED 
Ciip® can lower your 
parts and assembly costs by elimi- 
nating 4-piece screw clamps to 
hold motors in place. 





que 


um Made of high-quality spring 
t. : steel, this SPEED CLIP is quickly 
ator i snapped into place over the resilient 
ver 


motor-mounting ring, using a 
simple hand tool. It forms a vibra- 
tion-proof lock that won’t shake 
free. Assembly time is reduced 
because of the one-piece construc- 
tion . . . no loose parts to handle, 
nothing to tighten. Parts cost and 
assembly cost are reduced as much 


as 15%! 


ighs 
ired 
ons, 
‘ype 
ine., 


(n- 


These SPEED CLips can be pro- 
vided in sizes to fit any fractional- 
horsepower motor. They are 
designed to hold tight even under 
severest vibration and high starting- 
torque in any mounting position. 


Ask your Tinnerman SPEED Nut 
sales engineer for more information 
and arrange for samples to test on 
your own assembly line. 





TINNERMAN PRODUCTS, INC. + Box 6688, Dept. 12, Cleveland 1, Ohio 
Canada: Dominion Fasteners, Ltd., Hamilton, Ontario. Great 
Britain: Simmonds Aerocessories, Ltd., Treforest, Wales. France: 
Aerocessoires Simmonds, S. A., 7 rue Henri Barbusse, Levallois 
(Seine).Germany: Hans Sickinger GmbH “MECANO”’,, Lemgo-i-Lippe. 





TINNERMAN 





®) 
FASTEST THING IN FASTENINGS 


1e. 


NL —~. > 
APA 
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BATTERY 6 
VARIES 


vee @ Circuits: SPST only 
DELAY 
RELAY 


|| , 
tif ce 
a4 
AMPERITE 
REGULATOR 


i! | 


5 APPROX 


90% 


Provide delays 


2 to 


ranging from 


150 


SECONDS 


MOST ECONOMICAL 
HERMETICALLY SEALED 


Actuated by a heater, they operate on 


A.C., D.C., or Pulsating Current. 


sealed. Not 
moisture, 


Hermetically 
altitude, 
changes. 


or other 
normaily closed. 


| changes from —55 to 70 C. 
4 consume approximately 2 W. and 
operated continuously. 


The units are most compact, rugged, explo- 
sion-proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal, and 9-Pin 
Miniature. 


PROBLEM? Send for 
Bulletin No. TR-81 


Also—a new line of Amperite Differential 
Relays may be used for automatic over- 
load, over-voltage, under-voltage or under- 
current protection, 


affected by 


climate 


normally open or 


Amperite Thermostatic Delay Relays are 
compensated for ambient temperature 


Heaters 
may be 


— 
. 
ms : 


“”— 


+ 
. 


RTI 


MINIATURE 


BALLAST 
REGULATORS 


e Amperite Regulators are 
designed to keep the current in 


0.5 amp ). 


most inexpensive. 


effective method for 


a circuit automatically regulated 
at a definite value ( for example, 


@ For currents of 60 ma. to 5 amps. Oper 
ates on A.C., D.C., or Pulsating Current. 


@ Hermetically sealed, light, compact, and 


Amperite Regulators are the simplest, most 
obtaining automatic 


regulation of current or voltage. Hermetically 
sealed, they are not affected by changes 


in altitude, ambient temperature ( 
1.90°C), 


55 to 


or humidity. Rugged; no moving 


parts; changed as easily as a radio tube. 


OF 24V) ' WITH AMPERITE 


HARGER : VOLTAGE VARIES 


2% 


MPERITE CO., Inc. Rigger 


561 Broadway, New York 12, N. Y. 


Technical Bulletin 


No. AB-51 


In Canada: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 2B 


durance of the coating. since ihey are 
made of the same basic material; this 
makes it possible to match braided wire 
coverings with hook-up wire coding. o1 
wire by 


to eliminate coded 


using 
sleeves at the termination. Nine colors 
are available in 1 color-code combina- 
Bentley. 


1211 


tions. 
on 
Pa. 


Circle No 


Harris 
Barclay St.. 


Manufacturing 
( ‘onshohwoc ken. 
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EIGHT-PIN OCTAL SOCKET 

Surface-mounted breadboard socket. the 
XS-8 eight-pin octal socket. 
for experimental circuit 


is suitable 


design, port- 


and enclosed units. and = plug-in 


assemblies. All 


made on the tube side 


and packaged wiring 
connections are 
of the chassis. 

Socket 


prevent 


features an insulated base to 


connections from. shorting te 


numbered base connections for 


chassis: 


ease of identification: — silver-plated 


and standard 
holes. Po- 


1126 West 


phosphor-bronze contacts: 
center-to-center mounting 
mona Electronics Co.. Ine.. 
5 Ave... Pomona, Calif. 
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Cards 


TOGGLE-OPERATED 
SHUT-OFF VALVE 


Advantage provided by toggle-operated 
shut-off valve is its quick-acting toggle 
lever operation when leakproof immedi- 
ate shut-off is 


required. Sealing is 


achieved by use of a resilient O-ring. 


protected from the fluid stream by a 


floating sleeve arrangement. The O-ring 
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Po. _ , The J. P. Seeburg Corp. has 
ro — worked hand in hand with The 
” United States Graphite Company in 
developing self lubricating 
bearings and parts which meet the 
exacting requirements of the 
a most successful high fidelity coin 
gle 
edi- operated phonograph made today. 
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GRAMIX 


® 


products from powder metallurgy 


112 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION += SAGINAW, MICHIGAN 


RING 
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tim IRIDITE 


AN-C-170 MIL-S5002 MIL-C-5541 AN-P32 
AMS-2402A USA-50-80-11A J.Q.D. No. 144B 
USA 57-93-2A O.S. No. 1374 USA 57-0-2C AN-P61 
A-XS-1607 QQ-P-416 QQ-Z-325 MIL-3151 

if you’re finishing under these or similar specifications, 
here’s how you can use Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion 
resistant finishes to meet any military or civilian 
specifications and ranging in appearance from olive 
drab through sparkling bright and dyed colors. 

ON COPPER... Iridite brightens copper, keeps it 
tarnish-free; also lets you drastically cut the cost 
of copper-chrome plating by reducing the need for 
buffing. 

ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 
special racks. No high temperatures. No long immer- 
sion. Process in bulk. 


ON MAGNESIUM Iridite provides a highly protective 
film in deepening shades of brown. No boiling, elab- 
orate cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature 
by dip, brush or spray. No electrolysis. No special equip- 
ment. No exhausts. No specially trained operators. Single 
dip for basic coatings. Double dip for dye colors. The pro- 
tective Iridite coating is not a superimposed film, cannot 
flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you 


complete data. Write direct or call in your Itridite Field Engineer. 


He’s listed under “Plating Supplies” in your classified telephone 
book. 


INCORPORATED 


4004. 06 — MONUMENT STREET e BALTIMORE 5. MD 


is not required to pass a port or other 
diametral relief or construction which 
might inflict damage to its surface. 
Rated at 0-3000 psi, the valves can 
be used in either hydraulic or pnev- 


matic service and operate smoothly up 


to their full rated capacity. Even though 
the valve opens and closes quickly, the 
stem crosses a throttling seat which 
insures gradual starting or stopping of 
the flow. Detent locks valve in open or 
closed position. Valve is held closed by - 
the positive lock of the lever cam ar- 
rangement rather than by spring pres- 
sure. No adjustment is necessary to 
compensate for wear or keep valve 
tight. In the closed position. the greater 
the pressure. the tighter the valve seals, 
due to the O-ring seal design. Valve 
may be panel-mounted. James-Pond- 
Clark, 2181 East Foothill Blvd., Pasa- 
dena 8. Calif. 
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DISPLACEMENT 
TRANSMITTER 


Model 100 Universal Displacement 
Transmitter transmits motions from 
0.000001 to 0.125 in. Features include 
a mounting flange. a standard AN 


connector, a bearing aligned spring 
loaded plunger, and a micrometer zero 
adjustment allowing mechanical and 
electrical zero to be adjusted with pre- 
cision after installation. 

Sensitivity is 5 millivolts per 0.001 
in. with 6.3 volts, 60 eps, excitation, 
Output impedance is 200 ohms. Line- 
arity is 4% per cent. Full-scale output 
is obtainable for 0.000250 in. displace- 
ment, using indicating or recording in- 
struments available from the manufac- 
turer. Daytronic Corp., 216 South Main 
St., Dayton 2, Ohio. 


Circle No. 16, Reader Inquiry Service Cards 
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ONE-PART EPOXY ADHESIVE 
HAS EXTENDED POT LIFE 


Requiring no mixing, Epoxy resin 
Complex No. 285, was designed pri- 
marily for use where larger amounts 
of adhesive are required. The one-part 
epoxy adhesive has a pot life of 30 
days and over. Other advantages 
provided by the epoxy resin include 
elimination of losses from material 
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Ma SHOWS HOW EASILY ELECTRIC BRAKES AND CLUTCHES FIT INTO STANDARD POWER TRANS- 


MISSION DRIVES. Applications are analyzed in agricultural machinery, machine tools, welding equipment, packaging 
machinery, textile machines, molding equipment, and printing equipment. 
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Warner Electric Brake & Clutch Co. 


ege p Dept. EM, Beloit, Wisconsin 
resin Beat competition with ° 
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setting-up in the pot. Extreme shear 

| strengths of over 3000 psi (metal to 

BARBER metal) have been maintained. Miracle 

me Adhesives Corp.. P.O. Box 446, New 
Philadelphia, Ohio. 
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COLD-PUNCHING LAMINATE 
PROVIDES TRANSLUCENCY 
FOR PRINTED CIRCUIT USE 


Translucency of paper base-phenolic 





circulation system in Lipman 






“lee Boy” ice tip machine impregnated sheet allows visual check 
on the accuracy of — printed-circuit 
register. In addition, the XXXP-36 la- 
minated plastics has an insulation re- 
sistance of 1.000.000 megolhms. 


Grade XXXP-36 punches cold in 






























thicknesses up to and including 1/16 
in.; no heat cycle is required, and the 
base laminate. therefore. is not subject 
to dimensional change. 

Additional specifications (average 
value) include: flexural strength, flat- 
wise (as received), 15.000 psi: Izod im- 
pact. edgewise, (as received) 0.40 ft-lb 
per in, notch. Tensile strength is 9.500 


With a Lipman “Ice Boy” ice tips can be automatically made , ies and 
P ) y psi and shear strength (ASTM D732- 


and stored at the rate of 1,000 to 1,600 per day in various 16), 13,000 psi. Color is natural; fin- 
accurately controlled sizes up to 134” diameter, 234” length. ishes: semi-gloss, dull. Range of avail- 


; ; ; | able thicknesses extend from 0.015 in. 
Only moving part of this machine produced by Lipman | min to 1/4 in. max. The Formica Co. 
Refrigeration Division of Yates-American, Beloit, Wiscon- | 4614 Spring Grove Ave., Cincinnati 32, 
Ohio. 


. Enc . Circle No. 18, Reader Inquiry Service Cards 
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sin, is a revolving paddle which circulates water and moves 


Barber-Colman PYAZ geared motor with these “plus” fea- 


tures: rugged, precision gear train . . . porous bronze bear- 






ings .. . large oil wicks . . . high starting torque. 





INSTANT-START BALLAST 
If you have a project involving small motors, let Barber- - HAS LOW CASE HEIGHT 


Colman engineers help you get the exact motor for the job. 






Designed for operation of two 8- or 6-ft 





FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS fluorescent lamps, new instant-start ba 






last allows a_ reduction = in overall 
fluorescent fixture height of more than 






The Barber-Colman line includes unidirectional, synchronous, 
and reversible motors —up to 1/20 hp. With and without 
reduction gearing — open or enclosed types. Expert engineer- 
ing service available. Write today, tell us your problems, 
ask for free data sheets. 


Barber-Colman Company 


DEPT. X, 1203 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors Automatic Controls .Industrial Instruments eAircraft Controls Air Distribution Products 
Overdoors and Operators «Molded Products «Metal Cutting Tools «Machine Tools. Textile Machinery 
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ELECTRICAL INDUSTRIES 


44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 


TURING 
































Serving 
INDUSTRY 
since 1887 


WASHERS ana 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 


"TOES Pe 


THE WORLD’S LARGEST PRODUCER OF WASHERS 
2200 SOUTH BAY STREET e MILWAUKEE 7, WISCONSIN 


SU N * PLI a new line 


of laminated insulating materials for 
Class “A” and “B” operating temperatures 
SUN-PLI insulations offer these tour improvements over current laminated types: 


e@ high dielectric properties e@ heat stability 
@ increased moisture resistance e better mechanical strength 








Electro-Tech’s new SUN-PLI insulations consist of a polyester film bonded 

with a heat-resistant laminating adhesive to rag paper, kraft paper, treated 

asbestos paper and varnished glass cloth. They are suitable for use at both 

Class “A” and Class “B” operating temperatures as sheet and slot insulation, 

coil and relay insulation, and motor and dry-type transformer insulation. 

SUN-PLI Rag for Kraft tri-ply and duplex combinations offer excellent forming properties 
as slot insulation. 


SUN-PLI Varnished Glass combinations offer increased dielectric properties and protect 
against loss of dielectric strength from forming. 


_ SUN-PLI Asbestos paper combinations provide improved mechanical and electrical strength 
plus high moisture resistance. 
Available as Duplex (SUN-PLI film bonded to a single sheet of material), 
Tri-ply (SUN-PLI film bonded to both sides of the same or different ma- 
terial) and Triplex (SUN-PLI film sandwiched between similar or different 
materials) in sheets, tapes or 36-inch-wide rolls. 


For information write Dept. E9-122. 


A Division of Su Chemical Corporation 
/ 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN + HUDSON ~+ WILLEY (paints, maintenance and construction materials, industrial coatings) * 
WARWICK (textile and industrial chemicals) » WARWICK WAX (refiners of specialty waxes) » RUTHER- 
FORD (lithographic equipment) » SUN SUPPLY (lithographic supplies) » GENERAL PRINTING INK (Sigmund 
Uliman + Fuchs & Lang * Eagle * American + Kelly » Chemical Color & Supply Inks) * MORRILL (news inks) 
* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) * PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 


Electro-Technical Products 
Nutley 10, N. J. 
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34 in. Height of the ballast has been 


reduced by *%%2 in., to 1-34 in. 


Added feature is a weight reduction 
of approximately 10 per cent, or 1 Jb, 


over the model it supersedes. 


Designated catalog number 896596, 
the ballast replaces number 89G496, 
It has a rating of 73 nominal lamp 
watts for operation of 8-ft lamps. A 
high power factor ballast, it is designed 
for operation at 60 cycles, with a line 
current of 1.55 amp and a lamp cur- 
rent of 0.425 amp. General Electric 
Co., 1 River Rd., Schenectady 5, N.Y, 


Circle No. 19, Reader Inquiry Service Cards 


AUTOMATIC CONTROL 


PANELS 


preceding back cover 


Control panels designed for automatic 
operation of all types of original squip- 
ment can be made to specifications for 
use on machine tools, microwave equip- 





ment, textile and similar machinery. 


Panels are available in 


open-type 


models or enclosed in dust-tight, ex- 


plosion-proof, water-tight and drip-proof 


cabinets 


all meeting JIC recommenda- 
tions. Industrial Control Panel Co., 517 
W. Monroe St., Chicago 6, IIL. 

Circle No. 20, Reader Inquiry Service Cards 


preceding back cover 


LIGHTWEIGHT STEEL NUTS 
FOR USE TO 800 F 


Lightweight stainless steel anchor and 
gang channel locknuts are designed for 
use to 800 F and for applications where 
non-magnetic requirements exist. Sav- 
ings in weight for the various configu- 


Uy Q 
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America’s Most Complete Line 







he increased usage of electronics in 

the computing machine industry has 
resulted in a greater need for accuracy in 
electrical testing equipment,” according 
to the manager of test equipment mainte- 
nance of IBM’s Poughkeepsie plant. 


“Because our specifications require that 
any test equipment shall have twice the 
accuracy of the unit being tested, the finest 
meters have to be used, and these meters 
are constantly calibrated with the help of 
the two RFL Model 260B and 262B Cali- 
bration Standards in our testing depart- 
ment. We've used them steadily since 1952 
both for inspecting meters and making 
up correction data for such test instru- 
ments as polyrangers, laboratory stand- 
ards, secondary standards and electric 
dynamometers.”’ 







Write for technical data and application information. 


Radio Frequency 


LABORATORIES, INC. 
Boonton 9, New Jersey, U.S.A. 


MSC a a Ae a ea A 


Meets our need 
for GREATER 


FROM ACTUAL EXPERIENCE BY 
International Business Machines Corp. _ ; 


IMU CCS Clay 





Model 260C 


Calibrates DC electrical measuring 
instruments to direct reading accu- 
racies of 0.5% (0.25% using cali- 
bration charts) through voltages 


ranging from 1 millivolt to 1500 
volts and currents ranging from 1 
microampere to 150 amperes. 


Net price $8,975.00 f.0.b. Boonton. 





Model 261B 


Calibrates all types of AC meters 
to direct reading accuracies of 
0.5% (0.25% using calibration 
charts) over frequency range of 50 
to 1600 cps. Current range from 
1.5 milliamperes to 200 amperes; 
voltage range from 75 millivolts to 
1500 volts. Output of electronic 
power oscillator has less than 5% 
total harmonic content at 60 cycles. 


Net price $9,250.00 f.0.b. Boonton. 





ACCURACY! 


HMNNVNNLU UAL. 





I 


Poughkeepsie, New York 


The advantage gained by in-plant cali- 
bration of electrical instruments using 
these console type Standards, which en- 
compass the full range of testing instru- 
ments, under controlled laboratory con- 
ditions, goes beyond mere convenience. 
Their ease of operation, consistent cali- 
bration and high accuracy over wide cur- 
rent and voltage ranges are impossible to 
duplicate using individual testing equip- 
ment which must be moved from job to 
job throughout a manufacturing plant. 

In addition to accuracy, each RFL 
Standard has many features which make 
rapid calibration procedure possible. 
Where many instruments must be tested, 
it can be demonstrated that an apprecia- 


able cost saving over older calibration 
methods will soon result. 





Model 262B 


Calibrates DC electrical measuring 
instruments to direct reading accu- 
racies of 0.1% (0.05% using cali- 
bration charts) through voltages 
ranging from 1 millivolt to 1500 
volts and currents ranging from 1 
microampere to 150 amperes. 


Net price $14,300.00 f.0.b. Boonton. 


; Radio Frequency Laboratories, Inc. 

§ Boonton, New Jersey 

8 Please send me complete information on all 
§ Instrument Calibration Standards. 


a es 


Phone___—_- 
8 Company 


' Address__—————————————————————————— 





A 
a 
8 City a 
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always 
sets the 
course 





Charting the course of the future 

in the manufacture of capacitors 
has always been the practice here at 
Cornell-Dubilier. Proof of this 
leadership is that capacitor 
developments originated here 
invariably become the standards of 
comparison for the entire industry. 


‘Typical of these “famous firsts” are 
the three examples shown here... 
proof that whatever your capacitor 
requirements may be, your needs 
can be filled by C-D. Write to 
Cornell-Dubilier Electric Corp., 
Dept. H-125, South Plainfield, N. J. 


There are more C-D capacitors in use 


today than any other make 


ONSISTENTLY 
PLANTS IN SOUTH PLAINFIELD N 


MASS, PROVIDENCE AND HOPE VALLEY, 
FUQUAY SPRINGS. N Cc.; SUBSIDIARY 














dual wax-impregnated, 
paper tubular capacitors. 


low voltage dry 


electrolytic capacitors. 





c-D...45 YEARS OF FAMOUS FIRSTS 


capacitor used in proximity fuse. 





NEW BEOFORD, 
5 


R 


INDIANAPOLIS, 


IND ; 


THE RADIART CORPORATION 


DUBILIER CAPACITORS | 


WORCESTER AND CAMBRIDGE, 


SANFORD AND 


CLEVELAND, O 


| 





| 





TOLHA401 


and 
manufacturer’s 
signs range from 16 to 63 per cent. 


rations in 


7OLHG41 
series over earlier de- 

Configurations in the 7OLHA series 
include and two-lug anchor or 
plate nut shapes. One floating nut body 
in the series has a 0.030-in. min radial 
float; another design offers multiple 
floating nuts installed in a strip of 
stainless steel channel. All of these de- 
signs intended for blind mounted 
applications where the nut is “fixed” 
to the basic structure to simplify repair 
and replacement in inaccessible |, 
Nut 


series 


one- 


are 


loca- 
channels in 
321 


and 
Ty pe 


retainers 


of 


tions. 
this 
steel. 
Thread sizes available in the 
line for each oe 
8-32, 10-32 and 14 . These sizes, with 
the exception of 6. “4 also are available 


are stainless 


anchor 
are 6-3? 


in the gang channel nuts. Elastic Stop 
Nut Corporation of America, 2330 
Vauxhall Rd., Union, N.J. 


Circle No. 21, Reader Inquiry Service Cards 
preceding back cover 


SHADED-POLE MOTOR WITH 
RATINGS FROM 1/500 to 
1/80 HP 

Typical of the SP-A 
shaded-pole motor include use in com- 
mercial frozen food cabinets, dehumidi- 
fiers, 


applications 


and room air 
conditioning equipment. Motor is avail- 


beverage coolers, 





‘500 to 1/80 hp, 
The 
of 


fans specially designed 


able in ratings from ] 
at speeds from 1200 to 1550 rpm. 
firm manufactures a complete 
propellor-type 
for the SP-A. 
Five mounting-brackets are available, 
including straight-leg bracket, Type §, 
which positions the motor midway be- 
tween the bracket feet. 
Features include a oil 
cast iron unit bearing type con- 


line 


large reser- 
voir; 
struction, and a spiral groove viscosity 
lubrication Other features are 
a single iron casting for support of all 


pump. 
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No. 185 Fan-cooled Pump Drive 


Since 1906 Hertner has been a leading supplier of specialized 

y rotating electrical equipment to industry. Wherever top quality 

QUALIT is a design requirement, Hertner is your one reliable source. Strict 

military specifications for humidity, shock, vibration, temperature 
are consistantly met by Hertner. 


The basic design of Hertner motors make them particularly 


VERSATILITY applicable for operation on 400 cycles. Designs for opera- 
tion at 2 to 1600 cycles as well as variable frequency motors 


are also available. At 400 cycles, the H.P. range runs from 
1/2000 to 15 H.P. R.P.M. ratings at 400 cycles range from 
20,000 to 4,000 — 3,200 to 1,700 at 60 cycles. 





There is great flexibility within each of the eight frame 
FLEXIBILITY diameters. This flexibility is utilized to obtain such types 
as precision geared-motors, light weight blower motors, 
pump and antenna drives, induction or synchronous 
motors, Motors are totally enclosed . . . high shock At 





o. 190 Centrifugal Blower 


5 Fan-cooled Antenna Drive 


No. 178 Totally Enclosed Pump Drive 


resistant . . . meet high temperature requirements and No. 167 Motor Alternator 


feature special corrosion resistant finishes. Strict military 
requirements are consistently met. 


WRITE FOR BULLETIN 502RI2 THE HERTNER ELECTRIC COMPANY 


SMALL MOTOR DIVISION 


12690 ELMWOOD AVENUE 






CLEVELAND 11, OHIO, U.S.A. 


A SUBSIDIARY OF GENERAL 
PRECISION EQUIPMENT CORPORATION 


MOTOR-GENERATORS * A.C. & D.C. MOTORS * A.C. & D.C. GENERATORS * HIGH FREQUENCY ALTERNATORS 


Western Area Rep. 

PACIFIC SCIENTIFIC COMPANY 

Los Angeles — Seattle — San Diego — 

San Francisco — Portland — Arlington, Texas 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Eastern Area Rep. 
R. B. BARNHILL & ASSOCIATES 
Baltimore — Camden 
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another filter problem solved... . 


@ 24 vour oc. srstem 
Vag ee 2 aed 
DO tee eee oa 


R-F NOISE 
ELIMINATED 
Da 


PROBLEM: Bendix Aviation Corporation’s Pacific 
Division, North Hollywood, California, manufactures a 
series of rotary electric actuators for operating valves in aircraft. 
But getting a small, lightweight filter to keep the motor from creating 
radio-frequency interference proved to be a real problem. Any such 
filter would have to be mounted as an integral part of the square motor 
actuator, and the required 150°C operating temperature didn’t help any. 
APPROACH: Bendix Pacific engineers took their problem to the Radio 
Noise Suppression Laboratories of the Sprague Electric Company in 
Los Angeles. There, Sprague and Bendix engineers cooperated in 
making radio interference measurements and setting up envelope and 
mounting provisions for the proposed filter. 

SOLUTION: A filter was designed by Sprague to meet the envelope, 
mounting and 150°C performance needs. The filter successfully passed 
radio interference requirements of MIL-I-6181, MIL-1-6181B, and 
also, the rigid requirements of MIL-E-5272A. When mounted, the 
Sprague filter is completely encased in the motor, with the filter 
terminals utilized as the motor terminal strip. 

PRODUCTION SCHEDULES for these and many other filters are regu- 
ularly met by Sprague plants on both coasts. We would like 
the opportunity to solve your problem too. Write, wire, or phone 
Sprague Electric Company, 12870 Panama Street, P.O. Box 
66507, Los Angeles 66, California (TExas 0-7531) or North 
Adams, Massachusetts (MOhawk 3-5311 



















































































Sprague on request will 
provide you with complete YOU CAN DEPEND ON 
application engineering 
service for optimum re- 
sults in the use of radio 
noise filters. 


World's Largest Capacitor Manufacturer 


sti. 
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major parts, die cast aluminum rotor, 
precision controlled uniform _ rotor- 
stator air gap, and a fan silencer. 

Model SP-A is designed to operate in 
ambient temperatures up to 120 F; it 
will operate at full ratings down to 
—40 F when recommended low-temper- 
ature lubricant is used. It can be sup- 
plied for 60 cycle operation at 115 or 
230 volts. Morrill Motors, 3100 Fair. 
field Ave., Fort Wayne, Ind. 


Circle No. 22, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE PROXIMITY 
IMPULSE GENERATOR 


Model 50 A provides a self-generated 
output voltage proportional in ampli- 
tude and frequency to the velocity of 
magnetic material moving in proximity 
to the sensitive end of the pick-up. The 


TO COUNTER, V.T.V.M., 
OR CONTROL SYSTEM 


AAAI ALLL 


asad 
Pai 





with electronic 
counters provides an accurate means 
counting, or detecting 
movement, vibration, or speed of a shaft 
or other part. 


device, when used 


of measuring, 


Stock units are encapsulated in a 
stainless steel housing with a % in. 
diam x 1-34 in. length. The unit is 
constructed to withstand extreme con- 
ditions of shock, vibration, and operat- 
ing temperatures to 500 F. Minatron 


Corp., Belle Mead 11, N. J. 


Circle No. 23, Reader Inquiry Service Cards 
preceding back cover 


CLOSE DIFFERENTIAL RELAY 


Designed to operate on small voltage 
and frequency variations, Close Differ- 
ential Relay (Bulletin 1054-207S) will 
drop out at 80 to 93 per cent of pick-up 
voltage with frequency held constant; 
smaller differentials obtained 
if required. With voltage constant, the 
relay will pick-up and drop out on 


may be 
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RING 


Control mechanism of the Superior toaster. Top operating tem- 
peratures reach 600°F. The toaster’s relay, main switch, crumb 





tray latch and compensator springs are Inconel nickel-chromi- 
um alloy. The main pop-up and toggle springs are Inconel wire. 


Why Inconel for hot springs? 


“never had a product failure because of this material” 


At Superior they tell you a lot about 
Inconel. 


They tell you they ve used it for ten 
years now... designed with it. worked 
with it. And they depend on Inconel* 
nickel-chromium alloy springs in the 
heat controls of all their domestic ap- 
pliances . . . depend on it to give cus- 
tomers years and years of trouble-free 
serv ice. 

Top operating temperatures 
reach 600°F. in Superior’s toaster, 
iron. frier, and cooker. Still the Inconel 
springs resist relaxation despite re- 


The INTERNATIONAL NICKEL CO., 


says J. H. Quatmann, 


President of Superior Electric Products Corp. 


peated heating and cooling. 


And strength at high temperatures 
is only one of this alloy’s useful prop- 
erties... 

Inconel nickel-chromium alloy 
resists corrosion . . . doesn't deteri- 
orate from dampness in parts storage 
or in appliances. It remains non- 
magnetic down to sub-zero tempera- 
tures...doesn’t pick up metal particles 
that cause trouble in welded contacts. 

Perhaps Inconel can solve a prob- 
lem for you, too. Perhaps it’s another 


of the Inco Nickel Alloys that provides 


Inc., 67 Wall Street, New York 5, N. Y. 


Iw e 
Inco. Nickel Alloys 


TRADE MARK 


MONEL® + “R’® MONEL + 


INCONEL® + INCONEL “X”® 
NIMONIC® Alloys ¢ NICKEL 


“K“® MONEL « “KR’® MONEL + “S’® MONEL 


INCONEL “W"® « INCOLOY® «+ NI-O-NEL 


¢ LOW CARBON NICKEL + DURANICKEL® 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


the combination of high temperature 
properties you need. 


Here’s a good way to find out. 
Send for “Inco Nickel Alloy Helical 
Springs.” It presents complete infor- 
. facts for- 
merly obtainable only from many 
separate articles and reports. A copy 
is yours for the asking. 


mation on these springs . . 


The International Nickel Co., Inc. 
Dept. EM 12-55 
67 Wall Street, New York 5, N. Y. 


Please send me the new “Inco Nickel 
Alloy Helical Springs.” 


Name Title 


Address 


itv: = feme State 





| Company 
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193 














Comar Plug-In Relays simplify 
replacement, speed up servicing, 
permit faster assembly, eliminate 
wiring error. Safety covers protect 
against shock and dust. Ideal for 
use in vending machines, mobile 
communications equipment, elec- 
tronic computors, automatic pin- 
spotters, testing apparatus, etc. 
Maximum standard contact com- 
binations up to 3PDT, (up to 
DPDT, UL). Also available without 
covers. Relays used are standard 
Comar components. Our engineers 
will show you how these plug-in 
types can best be applied to your 


requirements. No obligation. 


Send for details now! 







Omar 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS « SOLENOIDS « COILS » TRANSFORMERS « SWITCHES « HERMETIC SEALING 


194 








variations of a fraction of a cycle. Power 
relay type contacts have adequate Ca- 
pacity for direct control of contactors 
and similar power switching devices, f 
Relays are available open or enclosed, \ 
with one or two poles, normally open 
or normally closed. 

As voltage relays. Bulletin 1054-2078 
units may be used to protect electrical 
equipment against low- or over voltage 
conditions: they will permit detection 
where motor feedback conditions would | 
not permit detection by ordinary po- 
tential relays. As frequency relays, they In 
can provide over- and under-frequency 
protection extremely close 
tolerances. Automatic Switch Co., 39] | 
Lakeside Ave., Orange, N. J. 


Circle No. 24, Reader Inquiry Service Cards In 
preceding back cover 


between 


PANEL MOUNT SNAP-SWITCH 


UL-listed) pushbutton snap-switch is 
especially useful for panel mounting 
Only a single round hole need be drilled 


to install. Entire area occupied behind a 





the panel is only 74x114 in. The push- 
button actuator is available with up to 
46 in. overtravel. Electrical rating is 12 
amp, 125 volts, 42 hp. Optional ter- 
minals include screw, solder or quick 
disconnect. Acro Manufacturing Co., 
2040 E. Main St., Columbus 16, Ohio. 


Circle No. 25, Reader Inquiry Service Cards 
preceding back cover 


“SEMIREGULATED” POWER 
SUPPLIES FOR COMPUTERS 
AND TELEMETERING 


Employing germanium power rectifiers 
in conjunction with automatic — line- 
“semiregu- 


regulating — transformers. 


lated” power supplies use no vacuum 
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' Ca- 
‘tors 
ices, 
sed, 
open 
sii THE NEW CONCEPT IN FITTINGS THAT 
ries | 
re REDUCES WIRE PULLING EFFORT UP TO 50% 
‘tion 
ould 
po- ° ° 
they | Insulating Bushing Look for the bright blue ‘‘insulined’’! 
ency 
‘los 
30] ANOTHER NEW T&B ENGINEERED EXCLUSIVE — 
STANDARD The First Line of Self-Insulated Raceway 
4s RIGID wise Just look eo benefits you get 
wi ese new “insuline ings. 
CONDUIT , 
‘CH They are the EASIEST to Install 
a Factory-assembled, the Insuliner is a permanent 
ting part of the fitting — it can never come loose 
illed cial Chew Chinato or pull out. The slippery insulined throat 
hind cuts pulling effort by as much as 50%. 
They make the SAFEST Installation 
Because of the nationwide accent on safety, 
iit a the trend is toward insulated fittings in all 
A oh 6D locations. Insulated bushings are standard 
i=5 Bill ELECTRICAL fittings today. Extremely tough they are 
| | aca es 3 | METALLIC unaffected by common acids, solvents, 
8 TUBING moisture or fumes. 
They make the MOST ECONOMICAL 
Installation 
A one-piece fitting makes installation fast and 
easy for maximum on-the-job savings. There 
push. is no need to add a separate insulating bushing. 
ip to 
gin: They give the Installation a QUALITY LOOK 
juick FLEXIBLE Strong, longer bodies and heavy lock nuts... 
Co, 100% visibility ...accurate threading... all of 
hio. CONDUIT OR the features you’ve come to expect in a T&B 
ds Insulated Tite-Bite i i 
aie ees ARMORED engineered fitting. 
Le : CABLE Write for free samples and technical data or 
, a «= a contact your nearby T&B Distributor. 
- SZ *available soon 
ifiers Insulated Tite-Bite Connector — 90° 


line- 
regu: 
‘uum 


IT’S THE MARK OF AN AUTHORIZED T &B DISTRIBUTOR 


The complete line of T & B fittings for conductors and raceways is sold only by 
recognized electrical wholesalers. It’s our way of assuring you the service and 
savings of a friendly local source. Call him for all your electrical needs. T58 


ENGINEERED 





All T&B insuline fit- 


tings bear Underwriters THE THOMAS & BETTS CO. 


Laboratories Approval 
INCORPORATED 
28 Butler Street * Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P.Q., Canada 
MANUFACTURERS OF QUALITY ELECTRICAL FITTINGS SINCE 1898 
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CLOSED 


OPEN 


VIBREX 


MULTI-FUNCTION FASTENER 
LOCKS - SEALS - CUSHIONS 


mounts in a plain hole 
no receiver unit 





@y 


no rivets 
no grommets | 
no springs Ce 


Now, due to expanded facilities and 
volume production, you can get 
VIBREX, the combination half-turn 
fastener, vibration isolator and mois- 
ture proof seal for no more than the 
cost of a plain fastener! 


Simple to install, VIBREX has un- 
limited applications for securing met- 
al and plastics in appliances, panels, 
housings, etc. Its live, resilient rubber 
cushions vibration, and seals out dirt 
and moisture. Produced in a wide 
range of sizes and types, Vibrex Fas- 
teners are manufactured in the U.S.A., 
England and France. 


Write for samples and catalog today! 


VIBREX FASTENER CORPORATION 
MOUNT KISCO 1, N. Y 
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tubes, magnetic amplifiers, or saturable 
reactors, although regulation compar- 
able to such circuits is said to be often 
obtainable. Efficiency is of the order of 
94 per cent. Average temperature rise 
os 6 C. 

No component used is rated at less 
than 30,000 hr of continuous duty. 
Typcial unit delivers 100 volts at 2 


amp, regulated to better than 1 per 


cent against line and load changes, 
and has less than 0.1 per cent rms 


ripple. Transient response is said to be 
excellent, and most units can be eco- 
nomically designed for zero-lag_ re- 
sponse, so as to exhibit no transient 
deviation outside the regulated zone. 
NJE Corp., 345 Carnegie Ave., Kenil- 
worth, N. J. 


Circle No. 26, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE 
SELENIUM DIODES 


Newly developed subminiature selenium 
diodes, Tynes 6U1, 7U1 and 8U1, pro- 


vide bias for tubes in_ industrial, 
commercial and military electronic 
equipment that must withstand severe 





environmental conditions. Type 6U1 is 


rated for a maximum input of 156 
volts rms; type 7U1, 182 volts rms; 


and type 8U1, 203 volts rms at 1.5 ma. 
Designed for stable operation in am- 
bient temperatures from —50 to 100 
C, the diodes are provided with pigtail 
leads to facilitate wiring into 
crowded chassis. International Rectifier 
Corp., 1521 E. Grand Ave., El Segundo, 
Calif. 


Circle No. 27, Reader Inquiry Service Cards 
preceding back cover 


easy 


HARDENER FOR EPOXY 
CASTING RESIN SYSTEM 


One major application for Het anhy- 
dride is its use as a hardener or curing 
agent for liquid epoxy resins. 

Fire resistance and high temperature 
strength are two outstanding properties 
of the hardener. ASTM heat distortion 
values approach 200 C (392 F). It has 
good electrical characteristics, and re- 
tains them at high operating tempera- 
tures. 

Available in semi-commercial quanti- 








extends 


operating temperatures 


of 


DURANITE 


capacitors 
with 





MR* RESINS 





The Aerovox Duranite Molded 
Tubular Paper Capacitor is an- 
other of the outstanding capaci- 
tors protected with electrical 
grade Marco* Resin plastic to 
assure superior performance and 
long service life. 


Capacitors, impregnated, mold- 
ed or sealed with MR Resins, 
operate efficiently over a wide 
temperature range. High insula- 
tion resistance is maintained 
even under exaggerated condi- 
tions of humidity and moisture. 
Smaller physical sizes are possi- 
ble. Power loss is minimum, life 
expectancy unusually high. 


For long and top capacitor 
service, select a resin type, made 
by one of America’s leading ca- 
pacitor manufacturers. 

*Reg. U.S. Pat. Off. 


Celanese Corporation of America 
Plastics & Resin Division, Dept. 105-L 
290 Ferry Street, Newark 5, N. J. 
Canadian affiliate: 

Canadian Chemical Company, Limited 
Montreal, Toronto, and Vancouver 
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For 
NON-FERROUS 
SHELL MOLDING 

; see PB & B - 






High conductivity copper parts for 
circuit breaker assembly, formerly 
machined from bar stock, are now 


shell-molded and brazed together—at 
at 




















Marine hardware part shell-molded of manga- large savings in total cost. 
nese bronze by Philadelphia Bronze & Brass. 
Note the smooth cast finish and clear definition of 
markings. Precise coring eliminates machining 
of interior surface. 
d Need non-ferrous castings to close tolerances? trical parts, and aluminum and manganese bronzes 
n- Shell molding, by Philadelphia Bronze & Brass, for structural members. 
ci- can offer you substantial savings. This new foun- 
al dry process produces smoother surfaces . . . holds Complete facilities. Under a single responsi- 
to tolerances as close as 0.003” per inch . . . reduces bility are encompassed all activities to produce 
id finish machining requirements... permits intri- finished castings to your specifications, including 
. . a4: . the design and making of shell molding patterns. 
cate coring. On production quantities, its cost ae oe aie ; ea fer 
d- siicitn: denice, iniltig Uli aa accion Casting capacity ranges up to parts 30 pounds in 
a puree ' ene weight and molds up to 15” by 20’. The most 
; . modern laboratory equipment is used to maintain 
le r i ino v “ha y >» . > . ‘ > ° ° 
By bringing your shell molding problems to PB&B, strict quality control over each step in production. 
= you profit by these extra values: 
2d = : ; ‘ , 
hi For a discussion of your specific shell molding 
Y ° e e ‘ . . . . . 
" Specialized experience. For years we have spe- application, write today to Philadelphia Bronze 
a cialized in casting a variety of non-ferrous alloys, & Brass, or to any of the field offices of P. R. 
fe including high conductivity copper alloys for elec- Mallory & Co. Ine. 
Or 
Je 
- PHILADELPHIA 
. BRONZE & BRASS CORP 
a 
a 22nd and Master Streets, Philadelphia 21, Pa. 
—a subsidiary of 
ed M PR MALLORY &CO Inc Y SS E> 
'URING 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 197 








here’s engineering data 





on Sprayed Metals 
in electrical and 


electronic equipment 


A Metallized zinc provides 
low-cost, efficient 
shielding for components 
of Dictaphone dictating 
machines. 


A Metallized copper on ceramic 
base resistors permits 
soldering of pigtails. Photo 
courtesy Friez Instrument 
Division,Bendix Aviation Corp. 


<4,” of sprayed lead on 
this cast iron x-ray housing 
protects operator from radiation. 
Any thickness can be applied. 
Photo courtesy Metal Spraying 
Corp., Milwaukee, Wis. 





Modern metallizing—sprayed metal—has found many appli- 
cations in the production of electrical and electronic equip- 
ment. Originally metallizing was used to provide a soldering 
base on non-metallic materials in components such as resis- 
tors, capacitors and meter faces. Today, its use has spread to 
applications in shielding, the production of other types of 


electrically reflective surfaces and in the replacement of wired 
circuits. FREE 





We have prepared a bulletin which illustrates and | ceenterommtnpeeearetond 
describes a wide range of these applications. It also |====> 
provides engineering data on bond strength on metal- | > 

lic and non-metallic materials, conductivity charac- es 'Ssae 
teristics, permissible coating thicknesses, circuit tests, | ——— 
as well as a description of surface preparation and | == 
spraying methods. A copy of Bulletin 120 “Sprayed as 
Metal Coatings,” will be sent on request without charge. 











Metallizing Engineering Co., Inc. 


Westbury, L. I., N. Y. ¢ Great Britain: Chobham near Woking 
ce ee ee 


1113 Prospect Avenue 
Westbury, Long Island, New York 


Please send me Bulletin 120. 
NAME 





TITLE 





COMPANY 





ADDRESS 








CITY ZONE STATE 
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ties. the properties of Het make it 
suitable for casting and potting resins, 
backings for printed electric circuits, 
ind as varnish-type insulation coatings 
for electrical equipment. Glass rein. 
forced laminates for sheets, tubes and 
pipe made of Het Anhydride and 
epoxies are additional uses. 

Having a minimum purity of 99 per 
cent, the Anhydride, until recently 
was produced in research amounts, 
Hooker Electrochemical Co., Buffalo 
Ave., Niagara Falls, N.Y. 


Circle No. 28, Reader Inquiry Service Cards 
preceding back cover 


CONNECTORS FOR LEAK- 
PROOF APPLICATIONS 


Feature of HS 2 (AN 3102) recepta- 
cles and HS 6 (AN 3106) plugs is 
manufacturer's Vac-Tite glass-to-metal 
construction to insure leak-proof per- 
formance under conditions of extreme 
heat and pressure. The Vac-Tite a-c 





connectors are specifically intended for 
use in severe instruments service where 
the vacuum tightness and arc-resistance 
of glass are necessary for superior 
performance during high-temperature 
operation. Shock and _ vibration-proof, 
HS 2 and HS 6 A-N connectors are 
corrosion-resistant and moisture and 
pressure repellent. The AN connectors 
are equivalent to MIL-C-5015. Hermetic 
Seal Products Co., 33 South Sixth St. 


Newark 7, N.J. 


Circle No. 29, Reader Inquiry Service Cards 
preceding back cover 


ENCAPSULATED 
TRANSFORMERS 


Three new types of encapsulated trans- 
formers for military and industrial 
electronic equipment are designed for 
use in applications ranging from Class 
H military applications requiring MIL- 
T-27A, grades 2 and 5 performance, to 
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CLEVELITE’ 


LAMINATED PAPER BASE PHENOLIC TUBING 


Outstanding for many years as the Top Performer, Clevelite is unmatched in its 
ability to meet unusual specifications. 


Built-in Dimensional Stability, High Dielectric Strength, Low Moisture Absorp- 
tion, Great Mechanical Strength, Excellent Machining Qualities and Low Power 
Factor make Clevelite Tubing outstanding. 


Available in diameters, wall thicknesses and lengths as desired, for Collars, 
Bushings, Spacers, Cores and Coil Forms. 


So 


Our improved Torkrite internally threaded and embossed tubing affords better 
control of adjustments in coil forms using threaded cores. 


Write for your copy of the latest Clevelite brochure. 
WHY PAY MORE? For Good Quality ... call CLEVELAND! 


*Reg. U. S. Pat. Off. 





THE 
CLEVELAND CONTAINER 
6201 BARBERTON AVE. ccna. uae 










PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS » PLYMOUTH, WIS. + OGDENSBURG, N.Y. + JAMESBURG, NJ. + LOS ANGELES 






ABRASIVE DIVISION at CLEVELAND, OHIO 


Cleveland Container Canada, Ltd., Prescott and Toronto, Ont. 


Take advantage of our 
Fast Dependable Delivery. 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. / 
NEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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AFFILIATE OF 
GENERAL CERAMICS 
CORPORATION 


agnelic 
mplifiers inc 
—announces its new 







VARIABLE 
| SPEED DRIVE 


SIZE ll — 
3/4, land 1-1/2 HP 


SIZE |— 
1/4, 1/3 and 1/2 HP 





Stepless, instant 
starting, compact, 
50:1 speed range, é 
good regulation with- ' 
out tachometer, long 
life, virtually mainte- i 
nance free service, low cost, * a 
fast response, reversibility, dynamic brake, local 


or remote control. Write for Bulletin SS80-5-55. 


Other My) Products and Services 


Magnetic Servo Amplifiers 
Transi-Mag * Amplifiers 
Analog Computors 
Photoelectric Controis 

DC and AC Regulated Power Supplies 


* Trade 
Name 


Application engineering and conversion of tool ma- 


chines and production processes to automatic control. 


Magnetic Amplifiers «inc 
Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 





| 


| 
| 








industrial and commercial applications 
where protection is required against 
grease, oil and corrosive atmospheres, 

Various combinations of encapsula- 
tions are used. These include a durable 
elastomer formulation, a Class A modi- 
fied epoxy resin, and others. Used in 
combination with various varnishes and 
permafils they produce coatings spe- 
cifically meet specified 
environmental characteristics. General 
Electric Co. 1 River Rd., Schenectady 
5, N.Y. 


Circle No. 30, Reader Inquiry Service Cards 
preceding back cover 
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COIL BOBBINS WITH LUG 
TERMINALS ATTACHED 


Coil bobbins are supplied with any 
desired number of lug terminals at- 
tached. This feature adapts bobbins for 
use with printed circuits. Another ad- 
that the coil 


provided _ is 


vantage 





bobbins can be insulated from the coil 
winding by washers as an integral part 
of the assembly. Bobbins are available 
in any size, with round, square or rec- 
tangular core, and flanges of all shapes. 
Cores are wound from dielectric kraft, 
fish paper, acetate or combinations, 
including Mylar. They can also be sup- 
plied Resinite-impregnated. Precision 


| Paper Tube Co., 2035 W. Charleston 


St., Chicago 47, Ill. 


Circle No. 31, Reader Inquiry Service Cards 
preceding back cover 


RUGGED PAPER-DIELECTRIC 
TUBULAR CAPACITORS 

Having a temperature range from —55 
to 100 C at full-rated voltages, Royal 
Cub tubular paper-dielectric capacitors 
are said to combine high stability op- 


| eration with mechanical toughness and 
| long-life, due to use of a solid thermo- 
| setting compound developed by com- 
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Short cuts speed printed-circuit design at Brush Electronics Co. 


-day job”’...done in 3 hours 


Brush Electronics Co., a Division of Clevite Corp., 
Cleveland, Ohio, finds countless uses for photographic 
materials and techniques in designing more than 700 products. 


Take the draftsman working on that printed-circuit 
diagram, for example. The original practice was to draw 
such circuits in ink on heavy Bristol board. 

Now, the job is done in a fraction of the time by posi- 
tioning precut circles and lines, with adhesive backing, 
on a form. This is reproduced on Kodagraph Autoposi- 
tive Film, a positive copy being obtained directly with- 
out a negative step. This reproduction—with dense 
black photographic lines on a translucent base—is sent 
to the vendor who makes the printed circuits. 


Brush has also found that duplicate tracings, made 
quickly and economically on roomlight-handling Koda- 
graph Autopositive Paper or Film, are the key to further 
savings when drawings must be revised, or vendor 
prints reproduced. Such duplicates are continually be- 





peo 


a ~ seit 


EASTMAN KODAK COMPANY 


ing used in place of originals for reference and print 
making . . . are protection against possible loss or un- 
availability of the originals. 

And Brush further streamlines drafting and engineer- 
ing activities with the help of other Kodak materials— 
uses Kodagraph Contact Fine-Line Paper for revising 
and combining drawings, and making high-quality off- 
set plates . ... uses Kodalith Film in preparing “pictorial” 
assembly drawings, reduced-size drawings, handbook 
pages, graphs. Sometimes four or five materials are 
used on one job, for top-quality results and savings 
at every step. 

To learn the ways Kodagraph and other Kodak re- 
production materials can serve you, just mail coupon 
below, or get in touch with your local blueprinter. 


™ Kodagraph Reproduction Materials 


Graphic Reproduction Division, Rochester 4, N. Y. 


aA Gentlemen: Please send me a free copy of your new booklet on Kodagraph Reproduction Materials 
Saal 





New booklet is Name 
jam-packed with 
valuable tips on 
saving drafting 
time, protecting Street 


Company 


f 


y 





Position 








drawings, getting 


better prints. City Zone 
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THE DUAL ROLE OF 


DUREZ 
IN INDUSTRY 


Photos: upper, North American A on, In 
lower, Burndy Engineering Co., Inc 











Your business could profit wilh BOTH 


They're poles apart in service conditions...the Super Sabre’s solderless 


electrical disconnect panels, and shell molds for producing ultrasmooth 
foundry castings. Yet one class of plastics is so versatile it’s preferred 
in both...the Durez phenolics. As molding plastics, Durez phenolics 
combine light weight with impact strength, lustrous surfaces, resistance to 
heat and chemical action, and excellent electrical properties. As resins 
they improve products and processes when used to bond, coat, or impregnate. 
For their profitable use in your business, see your molder...or Durez, 
the leader in developing the phenolics, and their largest producer. 
Write for our latest general bulletin. 


“2 DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 


HOOKER 


CHEMICALS 







Phenolic molding materials and 
phenolic resins that fit the job 


1312 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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pany and designated Polykane. The 
compound is said to enable the capae. 
itor to withstand rough handling. severe 
vibration and shock, climatic extremes 
of heat and cold, moisture and humid. 
ity, and soldering iron heat without 
damage to the case material, moisture 
seal, wire lead connections, or overall] 
electrical performance. Average capac- 
itance-temperature variation is only 5 
per cent from the 25 C value. 

Capacitors in the line are available 
in 100, 200, 400, 600 and 1000 volts 
d-c working, with capacitances from 
0.001 to 1.0 mf, depending on voltage. 
Cornell-Dubilier Electric Corp., South 
Plainfield, N.J. 


Circle No. 32, Reader Inquiry Service Cards 
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AIR CYLINDER WITH 
BUILT-IN PILOT VALVE 


Air cylinders featuring a built-in oper- 
ating valve eliminates one pipe connec- 
tion usually required for a double-acting 
cylinder and increases efticiency of 
evlinder by reducing line friction. 





The integral valve is of the universal 
tvpe furnished so that it can be oper- 
ated by miniature poppets, direct or 
remote, or converted to. single- or 
double-solenoid operation. Valve can 
be furnished with dual speed controls, 
and in cylinder diameters ranging from 
114 through 6 in. Carter Controls, Inc., 
2950 Bernice Rd., Lansing, IIL. 


Circle No. 33, Reader Inqupiry Service Cards 
preceding back cover 


SNAP-ACTION BIMETAL 
DISK THERMOSTAT 


Suitable for clothes dryers. furnace 
ducts and other warm-air applications 


bimetal disk 


thermostat. designated Type D. The 


is a new. snap-action 


unit is UL-approved for operation to 


) 


300 F. Type D is rated at 25 amp at 
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TOTALLY ENCLOSED MOTORS 


Totally Enclosed Non-Ventilated 
MARATHON 





ELECTRIC Totally Enclosed Fan Cooled - 
i 2.” a ; , complete 
= ie Totally Enclosed Forced Ventilated ® = 
Ye Qi Spi 
a Listed Explosion Proof LZ PB Controteac 
MARATHON ELECTRIC DESIGNS AND MANUFACTURES F TERMINAL BLOCKS 
— MOTORS - Pa - TO - 2500 HP * GENERATORS - 3 - TO - 2000 KW Send for Bulletin 160 
a ee Se ee ee 
For the Whole Story 
Write for ME Bulletin No. 158 DINGS 1913 
HOME OFFICE AND FACTORY, WAUSAU, WIS. FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 
SALES OFFICES IN PRINCIPAL CITIES 
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What are YOUR paper tube — 
~ requirements? 











~ © Critical 
tolerances 


© High 
dielectric 
strength 
High 
tensile 
strength 
'@ Dimensional 
stability 


© Low unit cost 


Prompt delivery 
in any quantity 


meet your exact specifications 


You can order from Precision in an infinite variety of sizes, shapes, 
I.D.’s or O.D.’s and be sure of the finest quality and construction, 
plus uniformity throughout. You can specify kraft, fish paper, ace- 
tate, combinations, phenol impregnation, etc., whichever material is 
best suited to your particular application. 

Precision’s modern high production facilities and rigid manufac- 
turing control bring you all these advantages at lowest possible cost! 
Request samples and Arbor List of over 2000 sizes. 


























PRECISION BOBBINS CUT COIL COSTS 


© Eliminate rejects, waste, loss of time. Order 
in any size or shape, plain or fitted with leads, 
slots or holes. Flanges cut to your specifica- 


























tion. Ask for samples and bulletin. 











Sales Representatives in: 








New England: Framingham, Massachusetts, Trinity 3-7091 
Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 

Upstate New York: Syracuse, New York, Syracuse 4-214] 
Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 

Canada: Montreal, Quebec, Canada, Walnut 0337 


PRECISION PAPER TUBE CO. 


2035 W. CHARLESTON ST. CHICAGO 47, ILL. 
Plant No. 2: 79 Chapel St., Hartford, Conn. 
















































































120-240 volts a-c non-inductive; 2 hp 
at 120-240 volts a-c; and 345 va for 
pilot duty. 

Two basic styles are available, 
either exposed bimetal or enclosed bi- 
metal. The former is said to respond 
more rapidly, while the latter is es- 
pecially suitable for use in atmospheres 
having high lint or dust content. Each 
basic style is supplied either with two 
or four hole mounting, and with either 
spade-type terminals or with No. 8-32 
screw type terminals. 

The heavy-duty fine silver contacts 
and metal-backed silver-bridging con- 
tact construction are said to provide 
cooler operation under heavy loads be- 
cause of the low resistance to current 
flow. Another advantage: the bimetal 
thermal element and the contact mech- 
anism are in separate compartments. 
Stevens Manufacturing Co., Inc., 45 N. 
Plymouth St., Lexington, Ohio.. 


Circle No. 34, Reader Inquiry Service Cards 
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HEAVY-DUTY TILTABLE-BASE 
ADJUSTABLE GLIDES 


Heavy-duty tiltable- base adjustable 
glides are suitable for automatic vending 
machines, bookkeeping machines, air 
conditioning equipment, electric com- 
puting machines, and electronic equip- 





ment requiring stability and leveling 
for efficient operation. 

The tiltable base assures a broad sup- 
porting surface regardless of sloping 
floors or slanted legs. Leveling can be 
accomplished with either an Allen 
wrench inserted in a hex at the top 
of the 1% in. threaded stem, or with a 
32-in. open end or socket wrench. Use 
of the Allen wrench adjustment pre- 
vents damage to the threads, such as 
could occur with an adjustable wrench 
application. For installations where top 
or internal adjustment is not practical, 
leveling can be accomplished exter- 
nally by turning the glide base with 
the fingers. 

The black phenolic glide base is ap- 
proximately 2 in. in diam, with rounded 
edges. Use of phenolic eliminates mark- 
ing of floors; the tiltable feature pre- 
vents weight loads from being carried 
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NEW SOUND TESTING facilities, recently completed at the 
G-E Transformer Lab in Fort Wayne are designed to give 
you greater dependability for your transformer dollar. 


CR DRY-TYPE TRANSFORMERS 


Py eo 





ANOTHER SECTION of the G-E Lab is the electrical testing 
department. Here again, as in the noise and mechanical testing 
areas, your transformer quality is being assured. 





G-E Transformer Lab Helps You Design for 
Highest Quality at Lowest Possible Cost 


LET GENERAL ELECTRIC HELP SOLVE YOUR DESIGN PROBLEMS QUICKLY AND ECONOMICALLY 


General Electric has made new additions 
to its dry-type transformer lab; modern 
testing facilities established for the pur- 
pose of developing and producing trans- 
formers which will meet your design speci- 
fications at the lowest possible costs. Be- 
cause of this expanding production lab- 
oratory program, your toughest design 


problems can usually be solved with one 
of G.E.’s high quality standard lines. 

IN RARE EXCEPTIONS where a standard 
G-E transformer will not fit your require- 
ments, General Electric can still give you 
the most economical and highest quality 
transformer at the lowest possible price. 
No matter what your particular require- 


ments may be, a G-E Transformer can 
solve your problem. All you need do is 
“‘specify your circuit requirements.” 
FOR FURTHER INFORMATION sim- 
ply contact your nearest G-E Apparatus 
Sales Office, Distributor, or write Section 
410-12, General Electric Company, Sche- 
nectady, N. Y. 


GENERAL @@ ELECTRIC 


THESE THREE NEW General Electric dry-type transformers are 
more proof of the everyday efforts of the General Electric 


NEW CONTROL 
TRANSFORMER 











NEW TYPE ‘‘D"’ 
TRANSFORMER 


Specialty Transformer Laboratory to develop the latest in mod- 
ern equipment to meet your most rigid design specifications. 






TRANSFORMER 





NEW VOLTAGE STABILIZING 





400 series 


2 models. For 
heavy duty 
applications. At 
13%” stroke — 
30 Ibs. plus. 
Push or pull. 


200 series 


7 models. Push 
or pull, 2-20 Ibs. 
ly Continuous duty 
” at any specified 
voltage. Also 

6 push-pull 
models, 2-20 Ibs. 





100 series 

5 models. At 
%" stroke — 2-6 
Ibs. pull at any 
specified 
voltage. 


order any quantity 
you want 


The trademark on over 6,000,000 


AC CATALOGS AVAILABLE 


For complete information on AC solenoids, 


solenoids since 1927 write for new WesCo AC catalog 


WEST COAST 


ELECTRICAL MFG. CORP. 





233 W. 116th PLACE» AC DIVISION 105 * LOS ANGELES 61, CALIFORNIA « PLymouth 5-1138 


MOLDED AS ONE HOMOGENEOUS MASS 


Lunolene 


WATERPROOF MOLDED COILS 


A completely new concept to fabricating waterproof electrical coil 
windings has been developed by DeLuxe Coils, Wabash, Indiana 
Molded from the new epoxy resins, the coils are impervious to water, 
oils, dust, acids, alkali solutions and water base hydraulic fluids 


The windings are completely encased in the thermosetting resin by 
incorporating the unique design of a core tube fabricated from the 
same resin as is used in the encapsulating process. 

Coil windings are currently being molded in green, black, red and 
blue colors, and all four colors are recognized by Underwriters’ 
Laboratories as insulating materials for general purpose application 
105° C Class A requirements 


Write today for complete details. 


DELUXE COILS, INC., Wabash, Indiana 
1300 FIRST STREET 
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on outside edges of the glide. A metal 


cap on the glide makes the stem cap. 
tive. The cap can be plated in any 
Glide stems are avail- 
able in a variety of sizes and lengths, 
Adjustable Caster Co., 1411 Walnut 
St., Philadelphia 2, Pa. 


Circle No. 35, Reader Inquiry Service Cards 
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desired finish. 


HYSTERESIS SYNCHRONOUS 
MOTOR 


Measuring 3-‘32 in. in diam x 2-""39 in, 
long excluding shaft. hysteresis syn- 
chronous motors deliver 5-6 in.-oz of 
torque at constant speed. Three models 


currently available have reversible syn- 





chronous speeds of 600 rpm. 1200 rpm. 
and 1800 rpm. All motors are self- 
cooled and may be supplied with 
single- or double-ended shafts. Nominal 
shaft diameter is 14 in.; however, the 
600 rpm model may be supplied with 
a precision-ground capstan shaft and a 
flywheel-rotor — for 


weighted directly 


driving magnetic tape at 7's in. pet 
sec. Technical Development Corp., 1060 
Ince Blvd., Culver City. Calif. 


Circle No. 36, Reader Inquiry Service Cards 
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FLEXIBLE CHAIN COUPLINGS 
Flexible 


permit sufhicient relative movement be- 


Taper-Lock chain couplings 


tween the hubs to accommodate slight 
angular and parallel shaft misalign- 
ment. Additional 
Taper-Lock bushings, 


feature is use of 
available from 
stocks in desired sizes: they can be 
easily installed on full size or normally 
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Inut CASES So 9 AR | a 


; Available 
From Stock! 


STANDARD 
IS RECTANGULAR 
SIZES 


HU---688 

. DIMEN. A—3/e” 
2 im. DIMEN. B—1 5/16 
sVI- LENGTH—5/2’’ 
HU-—-7 34: 
ZL Ol DIMEN. A—11/16” 
dels DIMEN. B—1 9/32’ 
LENGTH—1 27/64’ 
HU—736: 
DIMEN. A 3/a' 
DIMEN. B—15/16 
LENGTH—7e’’ 


HU—745: 

DIMEN. A—%”’ 

DIMEN. B---15/16’ 

LENGTH-—-13e’ 

HU-—-750: 

DIMEN. A-—7* 

DIMEN. B—1 1/1¢ 

LENGTH—158"’ 

HU— 796: 

DIMEN. A— 5 

DIMEN. B—1 5/16” 

LENGTH—2¥2 

HU—-826: 

DIMEN. A-——-11/16* 

DIMEN. B--) 9/32’ 

LENGTH 15%" 

HU—-844: 

DIMEN. A—11/76’ 

DIMEN. B—1 9/32’ 
roe, LENGTH—114”" 
self- 


with STANDARD 
minal | ROUND SIZES 


r. the HU—727: 
: QUTSIDE DIA.-—-1'"’ 
with LENGTH—2?’ 
and a HU 728: 
t] OUTSIDE DIA.—1 1/16” 
rectly LENGTH—21/4’’ 
. pe HU—-737: 
OUTSIDE DIA.—1 15/64” 
, 1060 LENGTH—1 13/32" 
HU—-760; 
OUTSIDE DIA.—21/32 


i ret hr _.. THREE COMPLETE SERVICES 


SVn- 
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Saaeee ~~ 742 a j 
ns Hudson Standard Metal Closures / 
LENGTH—1” Over 1000 economical standard types mean HUDSON can fay 

IGS HU—806: ee ° ° ° / / 

: GUTSIDE DIA.—1 9/64’ supply precision components at commercial prices. A wide Paw 

ev sige “1M variety of optional features make it possible to solve / 

. : earner’ poe: ke re ar all but the most unusual closure requirements with 

— 5 eee 1/68" standard types selected from HUDSON stocks. 

saiign- 

se of STANDARD Hudson Quality Metal Stampings 

SQUARE SIZES if nati ‘ 
irom ee Metal parts produced to your exact specifications at prices 

an : DIMEN. a1” that reflect the economies of mass production methods. 

7 i at Hudson can work to close tolerances and maintain 
DIMEN, A—1’ uniformity throughout production runs. Quotations supplied 
a 1v2" promptly on receipt of drawings. 
DIMEN , epee 
LENGTH —— Hudson Sheet Metal Facilities = [he "uston stom Snipers 
ee a. ae Depend on HUDSON for expert fabrication of simple or cate EE nee 
ee} ae complex sub-assemblies. Facilities include certified welding plete inteneame> oesiinéce , 
Siiictn na ode of alloys, silver soldering, brazing and chrome plating. or write ted Gale cal law 
LENGTi rm 6 
HU—847 
DIMEN. A 14 
al a . Precision Components of 4! HU DSON 
“ This Page for Steel, Aluminum, Copper, MW TOOL & DIE COMPANY :- INC 

ure: Tenwaeee Brass, Mu Metal ‘118-122 SOUTH 14th ST., NEWARK 7, N.J. 
rURING | READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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The Scruggs Geared Motor 
is engineered for use in Rotis- 
series, Vending Mechanisms, 
Rotary Display Units, Actuat- 
ing Devices, Dispensers and 
similar applications. 
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MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 


a 


Here’s the newest addition to the 
Scruggs line of “‘tailored’’ motors. 
It’s a 2-pole shaded pole induction 
motor coupled to a powerful sub- 
fractional horsepower speed re- 
ducer, in one compact unit. The 
basic motor, with output speeds 
to fit your specifications, is sup- 
plied for 115 volts, 60 cycle power 
supply ...or specially wound for 
other voltages and frequencies. It 
can also be furnished without the 
gear housing. Send us your specs 
... without obligation a Scruggs 
motor will be designed to fit them. 
Write Loyd Scruggs Co., Festus, 


Missouri. 


Scruggs MODEL 1050 features: 


OK LARGE OIL RESERVOIRS for long life. 
% FAN for cool operation. 


& MOLDED NYLON GEARS for quiet operation. 


3 VACUUM IMPREGNATED COIL for operation under 
maximum temperature and humidity conditions. 


You can stake your reputation on SCRUGGS MOTORS 


COMPANY 
FESTUS, MISSOURI 





* DECEMBER 1955 ELECTRICAL MANUFACTURING 


undersized shafts, giving the equivalent 
of a shrunk-on fit. 

The chain is a double-width, standard 
precision chain conforming to American 
Standard specifications. The extra 
bearing area permits higher horse- 
power ratings and longer wear life. 
Quick disconnecting of the shafts is 
possible by removing the one coupling 
pin and unwrapping the chain from 
the hubs. 

Sprocket teeth are accurately cut 
and hardened. Two more teeth are 
furnished in each flange than are found 
in conventional couplings. Clearance 
between the teeth and the chain side 
plates permits freedom of movement. 
Dodge Manufacturing Corp., Misha- 
waka, Ind. 


Circle No. 37, Reader Inquiry Service Cards 
preceding back cover 


WATER HEATER THERMOSTAT 


Accelerated life tests have shown that 
Clostemp water heater thermostat can 
maintain water temperature within 3 F 
of original calibration even after 50,- 
000 operation cycles—about 20 years 
of actual service life. 

To assure the quickest possible re- 
sponse to tank wall temperature 







change, the bimetal assembly has been 
placed on the outside of the thermostat 
back plate. Contacts, and other current 
carrying parts are protected within a 
heavy-duty aluminum and _ molded 
phenolic case. Overall dimensions of 
the case are 2-34 x 2-% x 1-%% in. 
Features of the thermostat include 
a reflective dial plus positive dial stops 
to prevent setting above a safe limit. 
Temperature range is adjustable from 
120 to 170 F. An “off” switch at the 
extreme low end of the temperature 
range permits circuit testing during 
equipment assembly or service life. 
Universal mounting, either snap-on 
or pad type, is made possible by a 
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You save, because there can be no waste with the 
industry’s only eM eo gaa Sey. 
Wound Cores. You also get the widest choice of 
standard sizes, and for a slight additional cost 
can specify your tape wound cores in the remark- 
able Aluminum Core Box* in any size. For com- 
plete details, why not write for your copy of 
Magnetics, Inc. Catalog TWC-100 today? 


been 

ystat aie ‘ bites e4 

rent ate 4 

as E MAGNETICS inc. 
Ided 

Ss of 


‘lude 

stops 

imit. 

oo MAGNETICS, INC., DEPT.EM-23BUTLER, PA. 
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*patent pending 
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special design of the mounting plate. 
This applied to units with either wrap- 
around or immersion-type heating ele- 
ments. 


























VICTOREEN 


VOLTAGE REGULATORS 


HAVE PERFORMANCE 
AND SAFETY FEATURES 
YOU SHOULD KNOW ABOUT 


Additional applications of the ther- 
mostat: use in diswashers, and laundry, 
laboratory and dairy equipment. West- 
inghouse Electric Corp., Box 868, 
Pittsburgh 30, Pa. 


Circle No. 38, Reader Inquiry Service Cards 
preceding back cover 


| PERMANENT-MAGNET 
| SYNCHRONOUS MOTOR 
FOR APPLIANCES 


Specifically designed for use on appli- 
ance timers where high torque, smooth 


: running and small size are required, 
This voltage regulator was 


designed to supplant fila- 
ment type components and 
thus eliminate the hazards 
of voltage build-up result- 
ing in the case of failure 
in these early types of volt- 
age regulating components. 


permanent-magnet synchronous timer 
motor utilizes a 110-volt coil. Weighing 


Under unusual conditions, should 
the Victoreen voltage regulator 
be damaged, the result would 
cause a lower than normal volt- 
age in the circuit, thus prevent- 
ing damage to other compon- 
ents. In addition to the ‘‘fail 
safe’ feature, the use of Victor- 
een voltage regulators, elimi- 
nates the use of related voltage 
regulating components, provides 
close tolerance limits, better per- 
formance and long, trouble free, 
service life. 





5’ oz, motor will start at 40 volts a-c 
and develop a minimum torque of 16 
in.-oz at 90 volts a-c and 1 rpm. 

Unit will start and track perfectly 
from 25 to 80 cycles using standard con- 
struction. Eventually, standard speeds 
available will include 5, 3.6, 2.41, 1/2.4, 
Ms, “Ye, and Mo rpm. 

Spade type electrical terminals are 
standard. UL-approved, the motor is 
lubricated with a combination of molyb- 
Write for bulletin 3023 for full details. | denum disulphide and a_ suspending 
| agent to assure life-time lubrication. 

Output shaft rotation direction optional. 

Portable Electric Tools, Inc., 320 West 

83 St.. Chicago 20, Il. 


Circle No. 39, Reader Inquiry Service Cards 
| preceding back cover 


VICTOREEN 
BUILDS VOLTAGE REGULATORS 
FROM 50 TO 50,000 VOLTS 


| MINIATURE OLDHAM-TYPE 
COUPLING 


Available is ‘a midget Oldham-type 
coupling in nickel-plated brass with 
nylon center piece for free sliding ac- 


tion and for electrical insulation  be- 















COMPONENTS DIV!SION 


The Victoreen Instrument Co. 


3815 PERKINS AVE. © CLEVELAND 14, OHIO 
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G-E PERMAFIL 73515 


insulating varnish 


























a-c 
16 

ctly 

‘on- 

eds A report 

24 from George Pappas, 

Chief Engineer, 

are N. Y. Transformer Co., Inc., 

+ is Alpha, N. J. Where can YOU SAVE with Permafil 73515 ? 

lyb- The superior heat dissipation of Permafil 73515 

ling (it lowered operating temperatures 25°C for N.Y. 

ion. r ; ° 

“ - > ° . ° rans F “ ay B redesig S stan- 
nal. During my twenty-five years of experience with I 2g former) m - help you redesign for substan 

i te ee d ee Palas tial cost savings. Properly used, it is ideal for im- 

est radio and TV transformers,” reports Mr. Pappas, ee 
- . : : ; pregnating coils in vibrating power tools, FHP 

I have found no cost-cutting contribution that can ee ; 

i iC | Electric’ é p 6) 73515. Wil stators, and high-voltage transformers and 
_— a aan ee a see os , magnet coils. It yields void-free insulation that 
this new insulating varnish, we at N. Y. Trans- eliminates corona, increases heat dissipation, and 
former have been able to pioneer special impreg- provides relatively constant power factor over a 
nating techniques which reduce lamination weight wide range of voltages and temperatures. 

25% , copper weight 15%, and cut cure times in 

wee | half. Our new, smaller transformers operate more SEND COUPON FOR TECHNICAL REPORT ! 

a relishly at higher temperatures than our old Tine PO Qe ne eee 

ac- impregnated with conventional insulating \ arnish.” | General Electric Company 

be- | Chemical Materials Department 

Section 512-3A, 77 River Road 
Schenectady 5, N.Y. 
| Please send me a technical report and product 
| data sheet on G-E Permafil 73515. 
Progress /s Our Most /mportant Product | 
| Name sec itd cisien is eacomnaeiacac eiieaad 
j E | Firm__ seat allo Lisiindliiasighctieadictasta i 
\ ] 
, | Street 3 peccececaciel eccacabaeties igi 
| We ia actinateestaiacias a ee ee es 
i 
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~~ F419 SPEED 


NEW SMALL PATTERNS 


o> 
= 


209-5L compact 
oblique cutting plier 


Se 


307-5'AL extremely 
slim long nose plier 


203-6-SCP-L 
needle nose plier 


317-5L chain 
nose plier 

Ask to see the 
complete new line. 


ASK YOUR SUPPLIER 


Foreign Distributor: 


International Standard 
Electric Corp., 
New York 


Mathias 


Established 1857 


ee ee ee eS 
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YOUR PRODUCTION 


You just can’t beat Klein pliers for 
smooth, easy operation—for steady 
dependability whatever your pro- 
duction job. That’s because Kleins 
are quality made of finest tool steel, 
precision fitted—individually tested. 
Handles fit the hand to perfection— 
knives shear through toughest wire 
with ease. 

And now the Klein plier selection is 
bigger than ever—in standard size 
patterns—in new compact patterns 
specially designed for intricate wiring 
and cutting in confined space. Avail- 
able with or without a flexible steel 


leaf spring. 


r 
= 
| ili " 
Write for your free @ i 
copy of the Klein ne 4 
Pocket Tool Guide. Sg 
Contains informa- MEIN 


tion on all types of j 
Klein Quality Pliers. 


4b S| 





tween the ends. Coupling accom. 
modates %¢ in. offset and 5-deg shaft 
misalignment. It is rated at 8 Ib-in. 
torque. Dimensions: 34 in. diam x 14g 
in. length. 

Standard types are provided with 
two holes at each end 90 deg apart, 
tapped for 4-40 N.C. setscrews. Socket 
or headless type flush-mounted screws 
are recommended. 

Types are available also with single 
spotting hole for 4¢-in.-diam frictional- 
ly held shear pin, or with plain un- 
bored ends. For airborne applications, 
they are available also in aluminum, 
Designations: Part No. MB-535, for 
1,-in.-diam shaft, No. MB-536, for “4e¢- 
in..diam shaft, and No. MB-537, for 
14-in.-diam shaft. Kupfrian Manufac- 
turing Corp., 395 State St., Bingham- 
ton, N. Y. 


Circle No. 40, Reader Inquiry Service Cards 
preceding back cover 


AN-APPROVED CHECK VALVES 


Available are two models of AN-ap- 
proved 1% in. aluminum alloy check 
valves for 3000 psi hydraulic service: 
Model 1008, with external threaded 
ends, which meets government require- 





ments for AN 6249-8 and AN 6207-8. 
and Model 1058, with internal threaded 
ends, which meets requirements for 
AN 6280-8. Valves, qualified to Specifi- 
cation MIL-V-5524, permit a weight 
reduction of 14 lb per installation. 

Having an ambient temperature range 
from —65 to 160 F, the valves insure 
unidirectional flow and will withstand 
more than 50,000 cycles. The valves 
can be supplied with seals for 275 F 
service. Airéraft Products Co., 300 
Church Rd., Bridgeport, Pa. 


Circle No. 41, Reader Inquiry Service Cards 
preceding back cover 


ONE-PART THIXOTROPIC 
EPOXY ADHESIVE 


High-strength one-part-paste,  thixo- 
tropic, epoxy-based adhesive for bond- 
ing metals to metals or to rigid plastics 
is known as Bondmaster M620. The 
formulation offers a choice of curing 
cycles ranging from approximately 7 
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use the R-4 Miniature 
Rotary Switch 


illustrated above is the R-4 Minia- 

ture Rotary Switch—available 

now for those applications where 

wie space is at a premium. Featuring 

wer unit construction, silver contacts, 

ae 600 volt insulation, enclosed mech- 

cifi- anism and choice of handles, the 

right R-4 provides the same high inter- 

rupting capacity, long life and 

ana flexibility found in the standard 

tand R-2 Control switch illustrated at 
alves right. 

5 F Both R-2 and R-4 Rotary 

300 ¥ 

switches are available in a wide 

‘s combination of contact arrange- 

ments for Instrument—Control— 


ange 


wie . Catalog 7140 contains complete information. Request your copy today. 
Transfer — Auxiliary and Special For a prompt answer to your switch problem—consult the Factory 


Applications. or your nearest Roller-Smith Sales office. 
hixo- 
yond- @ - & 
istics ROLLER-SMITH CORPORATI 
The 1825 WEST MARKET STRE 
ring | BETHLEHEM, PENNSYLVANI 
ly 7 MASTER INSTRUMENT MAKERS SINCE 1908 
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ELECTRIC MOTORS 


eee the choice of leaders 
in industry 


SINGLE-PHASE 


This photograph shows one of the stator winding machines, like 
those in the production line shown at top of the page. These 
machines, especially designed by Wagner engineers, are part 
of Wagner's modern motor production facilities. 
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POLYPHASE 


When you design or build a refrigeration con- 
densing unit that is to be hermetically sealed— 
choose your motor drive with care. Remember, 
it's your product that the user blames, if the 
motor fails. But, if you use a Wagner motor, our 
reputation is at stake, too. 


For that reason, we can't be satisfied to make 
just another hermetic motor... we can't be 
satisfied to merely meet industry standards. 


That’s why only the newest and best production 
tools available anywhere — such as you see 
in the hermetic motor assembly line pictured 
above — are used at Wagner. 





That’s why repetitive surge tests and dielectric 
tests are given to every Wagner hermetic motor 
stator. And that’s why every rotor that goes 
into a Wagner hermetic motor is given an in- 
dividual speed test. 


It’s this exacting kind of quality control that 
contributes to the long service life of each 
Wagner hermetic motor. 


When your motor drives are to be hermetically 
sealed, it’s to your advantage to specify 
Wagner for use on your equipment. Get the 
facts ...call the nearest of our 32 branch 
offices, or write us. 


WAGNER ELECTRIC CORPORATION 
6454 Plymouth Ave. e St. Louis 14, Mo., U.S. A. 


ELECTRIC MOTORS @ TRANSFORMERS e@ INDUSTRIAL BRAKES 


AUTOMOTIVE BRAKE SYSTEMS 


BRANCHES IN 32 PRINCIPAL CITIES 






AIR AND HYDRAULIC 
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ARTOS); 





Here’s the fastest way to 
produce finished wire leads! 


Allen-Bradley Co., producers of motor controls, use © 
several Artos CS-6 automatic wire cutting and © 4 
stripping machines in their Milwaukee plant. 


high speed 


ATR ue 


3000 STRIPPED WIRE LEADS in one hour 
...each precision-cut with both ends per- 
fectly stripped. That’s the speedy pace set 
by the Artos CS-6 in producing wire leads 
up to 15 inches in length! Production 
rates vary in proportion to the length cut. 

Highly accurate machine operation reduces 
work spoilage to an absolute minimum. Errors 


due to the human element are eliminated. There 
is no cutting of strands or nicking of solid wire. 


PROVED PERFORMANCE 
Time-consuming hand stripping jobs which 
once were a bottleneck in many plants are gone 
forever. As a result, Artos automatic wire 
strippers are paying their way in the mass pro- 
duction of television and radio sets, electrical 


appliances, motor controls and instruments of 
all kinds. 


Plan now to cut wire stripping costs in 
your plant... with the high speed, automatic 
Artos CS-6. 


CS-6 CAPACITY 


Finished Wire Leads Per Hour: 
lengths to 15’’, 3000; 64’’-97’’ lengths, 500. 


14/7" 


Stripping Length: 112’’ max. both ends. 


Cutting Length: max., 97’’; min., 2’’; special, 7’’. 


WRITE FOR 
BULLETIN 


2741 South 28th Street e 


Descriptive technical sheet tells how the Artos 
CS-6 can save you money, manpower and time. 


Automatic Wire Cutting and Stripping 


NOCINEERING CO. 


Milwaukee 46, Wisconsin 






c MODEL C5-° GETS 


CUTS and 
STRIPS 
wire, cord 
and cable 

at speeds up to 


3000 
pieces per hour 


TT ee 
2-Conductor Twisted Wire 


Single Conductor Solid Wire 


—S a EE 


2-Conductor Parallel 
Stranded Wire 





_ err eee 
300 Ohm Television Wire 
SJ Cord 


— eee Eee 
Heater Cord 


) 


Braided Cord With 
Rubber Jacket 








| 1-4 hr at 350 F. Lowe 


min at 535 F down to approximately 


r curing tempers 
‘ . a- 
tures, down to 260 F, may also be used 


| where a longer curing time cycle can 
be tolerated. . 
rhe thixotropic nature of the material 


results in a complete absence of drip 
or “run” either before or during cure 
Despite this nonflow characteristic. the 
adhesive is said to have a smooth con- 
sistency that can be easily spread with 
brush or spatula to exact thickness re- 
quired. Bondmaster M620 is based 
upon Ciba’s “Araldite” AN-100. Rubber 
& Asbestos Corp., 225 Belleville Ave. 
Bloomfield. N. J. 


Circle No. 42, Reader Inquiry Service Cards 
preceding back cover 


FREQUENCY-OPERATED 
RELAYS 


Incorporating a vibrating reed-type 
tripping mechanism, Series TR Fre. 
quency relay has a range from 40 to 
170 cps with a 400-ohm coil as standard. 
Other frequency ranges are available 
for special applications. Operating ac- 





curacy of the relay is + 2 cycles. If, for 


| example, a relay is set for 100 cycles, 
| it will pick up at some point between 
| 98 and 102 cycles. Either square or 
| sine wave signals may be used for con- 


| trol of the relay. 


A maximum of ten 
standard relays may be installed in a 
control panel, each operated by a sig- 
nal to which it has been tuned. Each in 
turn will operate an auxiliary relay for 
closing or opening a circuit. Potter & 
Brumfield, Princeton, Ind. 


Circle No. 43, Reader Inquiry Service Cards 
preceding back cover 


TEST-POINT JACKS 
PRESS-FITTED IN CHASSIS 


| Tests or readings on equipment in ac 


tual use are facilitated by “Press-Fit 
jacks. Each miniature Teflon-insulated 
jack is press-fitted by means of a drill- 
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WHEN 


PARTS 





ARE CAST FOR A TOUGH ROLE 


25-\b. plating work carrier cast in high-conduc- 
tivity beryllium copper and used in plating 
equipment made by The Udyli#e Corporation. 





THEY’RE MADE OF TATA) BERYLLIUM COPPER 


The increased amperage called for 
in modern plating equipment 
demands higher conductivity in this 
casting—a contact which rides on 
acopper bus bar and transmits cur- 
nt from the bar to the plating 
lanks. Various materials used in the 
past, although they had the required 
wear resistance, lacked the conduc- 
lity for this application. To get 
around the problem, engineers con- 
‘dered brazing a strip of high- 
conductivity ‘‘Berylco”’ beryllium 
copper to the part. 


Our engineers recommended that 
instead the whole part be cast in 
‘“Berylco.”” The solution was ideal. 
*‘Berylco’”” not only combines high 
conductivity with high strength and 
remarkable wear resistance, but is 
also a very good casting alloy. Pour- 
ing temperatures are low, fluidity is 
excellent, and needed detail can be 
sharply reproduced. Most impor- 
tant, cost is competitive. 

What do you expect an alloy to 
deliver? Fatigue resistance? Cor- 
rosion resistance? Strength? Con- 


ductivity? Elasticity? Workability? 
**Berylco’” beryllium copper fills 
these and many other roles as no 
other alloy can. Write any of the 
Offices listed below for free testing 


samples or technical assistance. 


DOZENS OF APPLICATIONS 


for “Berylco” beryllium 
copper are discussed in 


detail in this informative 
32-page booklet. Send 
for your free copy today. 





Tomorrow's products are planned today — with “‘Beryico" beryllium copper 


THE BERYLLIUM CORPORATION 


DEPT. 5M * READING 5, PENNA. 


New York « Springfield, Mass. * Rochester, N.Y. ¢ Philadelphia Cleveland * Dayton « Detroit * Chicago * Minneapolis * Houston * San Francisco * Los Angeles 
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fiber gasket 


won’t shrink, costs less, reduces fabricating time 


A manufacturer was using four strips of gasket 
material which he butted together to seal the oil 
tanks and covers of force feed lubricators. 

But the material was fragile, often had “lace” or 
pinholes, and was subject to shrinkage. Also, the 
strips had to be cut from sheet material . . . and this 
didn’t produce pieces long enough to fit the largest 
tanks without splicing. 

Problems were ended and costs lowered, however, 
by using Armstrong CN-705 Accopac® in ribbon 
form. This fiber gasket material is made by a beater 
saturation process that locks the fiber and cork in a 
latex binder. The lubricator manufacturer found it 
to be a uniformly strong and flexible material, free 
of porosity. Accopac did not shrink or leak. 

Gasket fabrication was simplified, too. An operator 


simply cut the Accopac ribbon to length, cemented 
it into place, and punched the bolt holes. 

Perhaps Accopac in sheets, rolls, ribbon, or die- 
cut parts can solve your gasket problem, too, Write 
today for samples for your own evaluation. 


FREE 24-PAGE GASKET MANUAL— 
Look for “Armstrong Gasket Ma- 
terials” in Sweet’s product design 
file ... or write for your own copy 
to Armstrong Cork Company, In- 
dustrial Division, 7012 Ingersol 
Street, Lancaster, Pennsylvania. 
And be sure to specify Armstrong 
Gasket Materials when you order 
from your gasket cutter. 


(Armstrong Accopac 


- « - used wherever performance counts 
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press, arbor-type or hand tool into a 
chassis hole, resulting in a permanent 
installation. On the chassis surface, the 


® jack presents a white bushing only 
| 0218 in. in diam x 0.046 in. deep. The 


Teflon body extends through the hole 
to the rear of the chassis for the desired 
type of connecting lug. The jack takes 
atest prod or plug measuring from 
0.080 in. to 0.089 in diam. The brass 
contact is silver-plated and gold-flashed 
for low-resistance contacts. Sealectro 
Corp., 186 Union Ave., New Rochelle, 
BF 
Circle No. 44, Reader Inquiry Service Cards 
preceding back cover 


POSITIVE LOCKING 
QUARTER-TURN FASTENER 


Lightweight positive locking is provided 
by quarter-turn Lion fasteners which 
can be opened and closed repeatedly. 

Designed to hold plates of metal, 
plastics and other materials pressure- 
tight, the fasteners withstand shock, 
vibration and extreme stress. They lock 
with a quick quarter turn clockwise. 





Reverse action unlocks. Full-floating 
leaf spring assures quick access with 
complete safety. They cannot be par- 
tially or incorrectly locked. The fasten- 
ers have no parts to vibrate or pull 
loose. A one-piece forged stud without 
cross pins, holes or milled sections is 
grommeted tightly to the outer panel. 
Simple spring assembly, using no coil 
springs or other fragile removable 
parts, is spot-welded or riveted to inner 
sheet. 

The fasteners are said to meet mil- 
itary and government specifications. 

Three fastener types are standard. 
All head styles are provided: oval, 
flush, knurled, ring, notched and wing 


Special low voltage high 
current transformer . . 


ra i-ae Tit ee eo 


LINDBERG 


SPECIAL 
TRANSFORMERS 





.. AND MANY OTHER SPECIALS 
FOR MANY DIFFERENT USES. 


a ‘a i 
fea 


e * 


i 


Lindberg Dual Filament Trans- Lindberg General Purpose 
Tle eM Meal iat] La Mie-Dte ele ae eae Ll 
communications work . . ask lighting . . ask for bulletin 
for spec sheet E-201-2. #1111. 


INT ADA BGS 


Transformer Division, Lindberg Engineering Company 
2450 West Hubbard Street, Chicago 12, Illinois 
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MICRO SWITCH Precision Switches 


A PRINCIPLE OF GOOD DESIGN 


Explosion-proo 


ENCLOSED 
LIMIT 
SWITCHES 


2-circuit 


Roller arm 


sealed plunger 


operated 


Roller plunger 


operated 


Sealed plunger 


Send for new Catalog 83 for complete description of a wide variety 
of enclosed switches for industrial use. 





MICRO SWITCH enclosed precision 
switches afford the design engineer 
awide choice of types to meet most 
exacting requirements. Shown here 
are a few of the many types of 
MICRO SWITCH enclosed switch- 
es. They are available in a wide vari- 
ety of circuit arrangements and 
actuating mechanisms. 

Is your equipment to work in at- 
mospheres laden with dust, dirt, 
moisture or abrasives? MICRO 
SWITCH provides both general pur- 
pose and limit switches sealed so as 
to be unaffected. Explosion-proof 
switches for hazardous atmospheres 
and splash- proof switches for condi- 
tions of extreme moisture may meet 
your design problem. Two decades 
of experience in meeting industrial 
precision switch problems is as close 
as your telephone. 

MICRO SWITCH branch offices 
are located in 22 principal cities. 
These offices are staffed by factory- 
trained, experienced personnel. 
Their experience in solving every 
type of switching problem is avail- 
able to you. A call may save you 
time and money by bringing a quick 
solution to YOUR design problem. 


® CRO SWITCH provides a complete line of 


“teristics. For all types of electrical controls. 


SMALL 2-CIRCUIT LIMIT SWITCH 

For control of two independent circuits. 
Sealed construction, high electrical capacity 
and features of adjustability suit it to all 
types of industrial applications where space 
is limited. 


EXPLOSION-PROOF LIMIT SWITCH 
Suitable for use in hazardous atmospheres 
such as are present in chemical factories, 
refineries, flour mills, paint spray booths 
and metal processing plants. Available 
with roller arm actuator (shown). Also 
with pin and roller plunger actuators. 


18 
te 


COMPLETELY SEALED 
CYLINDRICAL SWITCH 
Developed for aircraft designs, this switch 
has greater versatility than switches many 
times its weight and size. Two single-pole, 
double-throw switching units are completely 
sealed in a housing filled with inert gas under 
pressure. 


HIGH CAPACITY 
SWITCHES 
Long-life precision switches 
will make and break steady 
state currents of 20 amperes 
and switch inrush currents as 
high as 75 amperes. Shown 
with sealed plunger actuator 
for in-line operation. Also 
available with roller arm ac- 
tuators. 


a? A complete line of snap-action and mercury switches fy 
a ; 5 Pp 

i) % w & &-, ay IF 
i = Hy ~a} < (Fa ap — 5 a 
Pbe@eedta bh soae€e 
" "tremely reliable, small-size, high-capacity, 
»"8-action precision switches and mercury 
» "itches. Available in a wide variety of sizes, 


nots. weights, actuators and electrical char- A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


HONEYWELL 
in Canada, Leaside, Toronto!7, Ontario « FREEPORT, ILLINOIS 





(or to user’s specifications). Southco | 
Div., South Chester Corp., Third & | 


North Governor Printz Blvd., Lester, 
Pa. 
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PLUG-IN SERVO AMPLIFIERS | 
FOR AIRCRAFT SYSTEMS | 


Designed to meet the lightweight, 

small-space requirement of high-alti- 
| 
| 


Spencer 
Thermostats 
must have 

uniform 


tude servo systems, Servoflex amplifiers 
are said to comply with MIL E 5400 
requirements. 

The two available models feature 
built-in preamplifier and built-in power 
supply. One unit, Model 1123, accepts 
100-cycle phase reversible input. Model 
1124 accepts a single d-c input or takes 











the difference between two such in- 
puts; a built-in 400-cycle synchronous 


chopper modulates the d-c signal to | 
an a-c signal. Both models will drive | , 3 . 
any 115-volt 400-cycle servo motor | Making the right angle bend on this 





a 





rated at 8 watts or less. | brass contact terminal was troublesome 

In each model, a three-legged trans- | until Spencer Division of Metals & 

former acts as a combined power | Controls Corporation turned the job 

In any given shipment of supply and output transformer in the over to Mohawk. We not only stamped 
Abbott carbon steel Bear- special reluctance amplifier circuit. and formed the part, but tapped it in 
ing Balls you'll find UNI- Servo Corporation of America, 20-20 | the same operation. Mohawk produced 

: Jericho Turnpike, New Hyde Park, | - . 

FORMITY of size tolerances coat tilead Tw perfect, uniform parts at only about 
and sphericity. This is Circle No. 46, Reader Inquiry Service Cards half the com, a yearly savings of thov- 
because Abbott production preceding back cover | sands in initial cost alone. And with 


Mohawk’s better parts, there’s a saving 
in smoother production and the elimi- 
, HYDRAULIC TUBE FITTING nation of rejects. 
en Every Abbott WITH STRAIGHT THREAD | Mohawk can cut your production 
Bearing Ball — Deep Hard- MOUNTING | costs on threaded stampings, too. 
ened and Tempered for Intricate or simple parts are turned out 
maximum shock resistance economically and on schedule. Holes 


standards are geared to 
meet Industry’s most rigid 





Designed to solve tapered pipe thread 
leakage problems in high pressure hy- 


and load carrying ability — draulic equipment, line of tube fittings are squarely tapped and threads can 

is a model of precision, for internal straight thread boss mount- be held to Class 3 fit. If you have a fs 

unsurpassed for sphericity, ing utilizes O-ring sealing. Elbows and headache to buck on threaded stamp- ft 

size tolerance, depth of case ings, pass it to Mohawk for savings in e 
i : time and ; “ee 

and other essentials of fine ; money 


Write or phone now. 





carbon steel bearing balls. 


Specify Abbott... you can’t 

ask for a better carbon steel 

ball! a | 
Bo | 


THE ABBOTT BALL CO. 


S O Railroad Place, Hartford 10, Conn, 
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our business since 1899 


There is no phase in the production of wool felt in which Western Felt 
is not engaged. We start with lambs wool, and end with an endless 
variety of parts for the many jobs that only felt can perform. 


Through it all, we’re proud to say our methods have built an en- 
viable reputation for engineering precision. Hard or soft, large or 
small, Western Felts can be relied upon to meet your specifications. 


Tell us your basic problem—and we’ll put 55 years experience to 
work in recommending a solution for you. Our engineers find new 
uses for felt every day. Your inquiry will receive prompt attention. 


WESTERN J 
4021-4139 Ogden Ave 
Chicago 23, Illinois 


Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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Here’s how a LEDEX 
ROTARY SOLENOID operates... 


The magnetic pull moves the armature along the Solenoid 
axis. This action is efficiently converted into a rotary motion by 
means of ball bearings on inclined races. The inclined ball 
races are made to compensate for the magnetic pull increase 
as the Solenoid air gap closes, thereby providing substantially 
equal starting and ending torque during the rotary stroke. The 
rotary snap-action power of the Ledex can be efficiently har- 
nessed with a minimum of linkages, through the use of one 
or more standard features available on all models. 



























Here’s why 
LEDEX ROTARY 
SOLENOIDS are 
dependable! 


o 

s 

£ a 
Yr x& 
= 





< og 

As can be seen from the exploded view, Ledex Rotary Sole- 
noids are simply constructed with few moving parts. All parts 
are manufactured to exacting tolerances and are carefully in- 
spected and assembled. The copper wire coil, the heart of the 
Solenoid, was developed especially for this product. It is wound 
by a precision winding process that puts a maximum amount of 
magnet wire into available space ... giving tremendous power 
to compact Ledex Rotary Solenoids. 


Basic sizes of LEDEX ROTARY 


















me | My, 


Torque values for normal intermittent duty and 45° stroke. 


Engineering data is available upon request. 
WRITE FOR DESCRIPTIVE LITERATURE TODAY! 


b4 4 INC. 
123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA: MARSLAND Engineering Ltd., KITCHENER, ONTARIO 
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tees have a locknut for adju 


ees , stable posi- 
tioning. Included in the 


new line are 
swivel nut elbows and tees for use with 
straight thread connectors to circum. 
vent interference problems in installa. 
tion, 

The fittings, made in steel, are offered 
in both the Triple-lok standard Jic 
37-deg flare type and the Ferulok flare. 
less type. 

The straight thread fitting has “ 
smaller hex than the AN style for the 
AND 10050 boss. The fitting is alse 
shorter, eliminating danger of the fitting 
protruding into the valve body so far as 
to interfere with an internal elemen 
Hose Fittings Div... Parker Appliance 
Co.. 17325 Euclid Ave.. Cleveland 12, 
Ohio. 
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REGULATED D-C POWER 
SUPPLY FOR TRANSISTOR 
CIRCUITRY APPLICATIONS 
Designed especially for use with tran 
sistor circuitry. Model C-22 regulated 
d-c power supply has a range of 0-50 
volts, 0-1 amp. and is entirely electron- 





ically controlled. Regulation is 0.1 per 
cent and ripple is less than 1 my. Use- 
fulness of Model C-22 for transistor 
applications is increased by its low 
voltage and high current range. In- 
cluded is an internal load compensating 
potentiometer which allows regulation 
-to be adjusted for either plus or minus 
output impedance for load changes. 
Universal Electronics Co., 1720 Twenty- 
Second St., Santa Monica, Calif. 
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GERMANIUM HIGH SPEED 
SWITCHING TRANSISTORS 


Four germanium n-p-n transistors ar 
especially designed for general-purpose 
switching and computer applications. 
Approved RETMA designations for the 
high speed units are 2N124, 2N125, and 


2N127. With parameter _ tolerances 
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Enjay Butyl Cuts Cable Costs 


The rapidly expanding use of Enjay Butyl 
in underground cable insulation is still 
another example of how it cuts costs.. 
and does a better job. 

Enjay Butyl high voltage compounds 
have extraordinary resistance to ozone and 
corona. They show high insulation resist- 
ance, are very stable to temperature 
change, and have power factor and dielec- 
trie properties which are superior to other 
insulation materials. Exceptional low- 
temperature flexibility, excellent resist- 
ance to heat and aging, and resistance to 


moisture absorption and abrasion are still 
further benefits. 

Enjay Butyl offers three outstanding 
features: excellent electrical properties, a 
definite price advantage, and immediate 
availability. They may well help you in 
cutting costs and increasing the perform- 
ance of your product. Get all the data on 
this extremely versatile, low cost rubber 
by contacting the Enjay Company 
today. Take advantage of our complete 
laboratory facilities and skilled technical 
assistance. 


ENJAY COMPANY, INC., 15 West 51st St., New York 19, N.Y. 


District Office: 11 South Portage Path, Akron 3, Ohio 


35 SUCCESSFUL YEARS OF LEADERSHIP 
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BUTYL 


Enjay Butyl is the super-durable 
rubber with outstanding resistance to 


aging « abrasion « tear « chipping 


*« cracking « ozone and corona « 


chemicals « gases « heat «+ cold 


e sunlight «+ moisture. 
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saved! 


KESTER FLUX-CORE SOLDER saves plenty of time 
s work-formulated to 


j 
4 
| 


on every job because it’s 


Se 


increase soldering speed and efficiency. That’s 


. 


Ray 


why everyone’s switching to Kester .. . the 


» 


right name to remember for top quality solder. 


SSNs 
SSE 





THIS ISIT.. 
“SOLDER.. 


KESTER SOLDER 


eo O M PA NY 4209 Wrightwood Avenue, Chicago 39, Illinois 


Newark 5, New Jersey ¢ Brantford, Canada 


. the informative 78-page Kester textbook 


. Its Fundamentals and Usage.” Send today! 
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| closely held, the switching transistors 


feature a beta spread of 2:1, (Beta 
values for the individual types are 
12:24, 24:28, 48:100, and 100:200,) 

High speed switching is made pos- 
sible by excellent rise time and cut-off 
time characteristics. Rise time in a 
typical circuit is 0.15 microsec. Typical 
cutoff time is 3.5 microsec. To assure 
maximum reliability, stability and long 
life, all units are cycled from —55 ¢ 
and room humidity, to 75 C and 95 per 
cent relative humidity, for four com. 
plete cycles over a 24-hr period. Texas 
Instruments Inc., 6000 Lemmon Ave.. 
Dallas 9, Tex. 
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BUTTON HEAD 
SOCKET SCREWS 


Available is a full range of sizes, 
button head socket screws are useful 
in applications which require a smooth 
headed fastener for appearance or 
safety considerations, or tight clear- 























‘> 


Sy 





ances. Made of heat-treated alloy steel, 
with hex sockets, the fasteners are 
available in a range of sizes from No. 
1 wire size to 5g in. diam, with a vari- 
ety of lengths in each size. The Bristol 
Co., Socket Screw Div., Plates Bridge 
& Naugatuck Rd., Waterbury 20, Conn. 
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TIME RECORDER 

Suitable for use on air conditioning, 
printing, electronic and many other 
types of industrial machinery and equip- 
ment, the Time Recorder -+ Totalizer 
provides a continuous operation record 
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<q Coil being driven into 4 Quinterra Type 5—2 ply is here being applied to the 
slots. Tight fit shows flat section of armature coil to form basic cell insu- 
importance of accu- lation. For abrasion resistance, a wrapping of 
rate tolerances and di- untreated glass tape is applied over the Quinterra 
mensional stability. before final varnish dip and hot press 











cure. 


Why West Virginia Armature Co. switched 
to J-M QUINTERRA for armature coil insulation 


West Virginia Armature Co., Bluefield, W. Va., 

isa leading manufacturer of motor armature 

coils, used by the coal mining industry—a 

severe and difficult field. It was only after 4 

years of field testing that they decided to 

change to Johns-Manville Quinterra Type 5 
2 ply for their traditional built-up insula- 

tion materials. They made this change because 

they discovered that: 

! Quinterra retains higher inherent dielectric 
Strength under prolonged high temperature 
Operating conditions. 

2 Quinterra, manufactured to closer thickness 
tolerances, permits more accurately dimen- 
sioned coils, assuring easy and proper fit. 

3 Quinterra is pliable, conforms readily to shape 
of coil and remains dimensionally stable in 
storage or in use. 


JOHNS MaNVI 


oe 


4 Quinterra is smooth, does not crack or flake, 
is easy and pleasant to handle, does not harm 
or irritate operators’ hands. 

5 Quinterra is flexible, eliminates dielectric fail- 
ures due to flaking or splitting. 

Quinterra Type 5—2 ply is made from two 
sheets of highly purified asbestos treated with 
a polyvinyl acetate resin saturant and com- 
bined under controlled temperature and pres- 
sure. It has ample mechanical strength for 
easy handling. Its inherent dielectric strength 
exceeds 280 VPM even at temperatures Over 
130:‘C: 

Find out how you can obtain the same 
benefits from Quinterra. Write for free 32 
page illustrated brochure, EL-40A. Address 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, Port Credit (Toronto), Ontario. 
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Dimensional accuracy is imperative. 
Here, finished coils are being tested 
in Go-or-No-Go gauge. 


UY| Johns-Manville ELECTRICAL INSULATIONS 
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BULGED SEAMLESS TUBES 


her Dimensions Available 
BULGED SEAMLESS TUBES 


STRAIGHT CUT 


FLARED FLANGED 
SOGERI IE ETI TITLE On 
STRAIGHT CUT 
PIP PIILE TET TEL ES 


eee eee ee eee 
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FLARED 


es *® Other Dimensions Available 
ef S eS. 
send FLANGED 
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t FLATTENED SLOTTED NOTCHED OR PIERCED 
ss od FLATTENED iw | 


, 
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% Other Dimensions Available 


NOTCHED OR PIERCED 


OVER 300 MILLION KLEINER ports 
hell) Ml ila ie te) 
ao Tet Me- Thame Mele tattle 
Specify SEAMLESS TUBING. 


Send Your Prints 
For Quotation. 
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P. O. BOX 185, DUNELLEN, NEW JERSEY 


of any electrically operated machine 
Advantages provided by the device 


in- 
clude its use for preventive 


mainte- 
nance, since need for cleaning, overhaul 
or replacement of parts is indicated by 
the Time Totalizer, which computes 
“On” time. The Time Totalizer can be 
furnished to register in hours and ten. 
sive hours: or in minutes and tenths 
of minutes. Time and frequency of ma- 
chine operation is impressed on a 
chronologically marked tape. Standard 
tape speeds available are: 1 in. per 5 
min. 1 in. per 15 min, or 1 in. per hr, 
Heat-Timer Corp.. 657 Broadway. New 


York 12. N. Y. 
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PRECISION POTENTIOMETER 


Low noise level and high resolution of 
Type 747-E potentiometer make them 
suitable for servomechanisms, computer 
assemblies. calibration controls, and 
similar units. The potentiometer pro- 
vides a resistance range of 50 to 70.000 


olims with a standard linearity of 
0.15 per cent. Features include a 
special clamp band that allows up to 
19 taps and presents a simplified means 
of phasing units in a ganged assembly 
without disassembling the units. 
Type 747-E has a diameter of 2.100 
in. and a cup width of 0.984 in.: 
to 6 units can be ganged on a sing 
shaft. The units are furnished with 
welded taps and end leads. Starting 
torque is only 1.0 oz-in. per cup section. 
Fairchild Controls Corp.. Potentiometet 
Div.. Hicksville. N. Y. 
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LOW-VISCOSITY RESIN 


Epon 815. a 100 per cent reactive resin. 
is especially useful in laminates pre- 
pared by vacuum-bag and contact pres 
sure techniques. Low vis osity (500-900 
centipoises) allows Epon 815 to pene- 
trate rapidly even closely woven glass 
fabrics. with the resulting laminates 
having high glass content and greater 
strength. Contact pressure laminates 
can be prepared with Epon 815 having 


RIN 





FIVE 
BILLION 


YES, ... 5,000,000,000 


MAINTENANCE-FREE 
OPERATIONS... 





with this high-speed POLAR RELAY 


In many applications, these rugged Automatic Electric polar relays 
are still giving excellent service after more than five billion opera- 
tions— without readjustment. 




































Automatic Electric’s improved PTW Relay is made especially 
for use in composite signaling equipment . . . teletypewriter re- 
peater circuits . . . teletypewriter switching . . . and other appli- 
cations for switching a single circuit at high speeds. It is based on 
the Western Union design and mounts interchangeably with the 
W. E. Co. Type 255 relay. 

Here are some of the other advantages built into Series PTW 
Relays: 

Simple, compact construction. Substantially smaller than most 
other polar relays, it extends only 3” (including cover knob) above 
the mounting surface. 

“Lightning” response. Its sensitivity cuts travel time to as low 
as .7 of a millisecond, depending upon the contact gap and degree 
of energization in the operating windings. 

Quick, easy maintenance. Unmatched in reliability and long 
life, the PTW Relay can be easily readjusted—from the front. 


Economical to use. Simple design permits lower cost, together 
with peak performance. 


For complete information write Automatic Electric Sales Cor- 
poration, 1033 West Van Buren Street, (HAymarket 1-4300), 
Chicago 7, Illinois. Jn Canada: Automatic Electric Sales (Canada) 
Ltd., Toronto. Offices in principal cities. 


RELAYS — SWITCHES 


AUTOMATIC — 70aa0 01: 


Rk 


CHICAGO 
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glass contents as high as 60 per cent 
Using the vacuum-bag techniques, glass 
content of approximate 70 per cent is 
possible. 


SAVE Casting materials based on this low 


on original development costs viscosity resin can incorporate more 


by using REULAND ELECTRIC'S filler, permitting better control of exo- 


thermic heat and shrinkage. Adhesive 
SPECIAL-MOTOR “LIBRARY” 


materials formulated with the resin, 
Over 900 Different 


because of their higher filler content, 
are said to show coefficients of e€xpan- 
Electric Motors 


sion which match closely those of metal 
adherents. Shell Chemical Co.. 50 West 
50 St.. New York 20, N.Y. 
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MOTOR #184 





HIGH STARTING TORQUE ON LOW 
CURRENT — plus variable speed re- 
duction, are features of this Slip 
Ring Gear Reducer motor. Aids in 
getting heavy loads up to full speed 


Slip Ring through step by step starting. 
Motoreducer 


WIREWOUND CONTROL KIT 


PD-1 kit contains an assortment of 
wirewound controls and Pick-A-Shafts. 
The kit includes eight different values 
(500, 1000, 1500, 2000, 2500, 3000, 










FLUID-CUSHIONED ACCELERATION, 
SLOW SPEED, SPLIT-SECOND BRAKING 
—Internal fluid coupling provides 
smooth starts, prevents “jamming” of 
equipment. New “doughnut” magnetic 
an brake can be mounted before or after 
coupling —or both. 










Fluid-Shaft 
Motoreducer 
with Brake 





MOUNT PUMP DIRECTLY TO MOTOR’S 
END BELL—Eliminates usual need for 
separate pump-mount platform. In- 
sures absolutely perfect alignment 
with pump shaft. Available with 
flange on one or both ends. For all 
y Hydraulic Pump standard pump makes. 

Mount Motor 





5000 and 10,000 ohms) of Series Al0 
4-watt wirewound controls; eight shafts, 
two each of the four most popular shaft 


COMPACT SPEED REDUCER — This types; and a mounting-nut wrench. 








right-angle, worm type gear re- 
ducer provides lowest cost speed 
reduction. Mounts on floor, over- 
head or side. Extremely versa- 
tile, multi-shaft load hook-up. 


Clarostat Manufacturing Co., Inc., 
Washington St., Dover, N. H. 
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Fits tightest quarters. 





Right-Angle 
Worm 
Motoreducer 


ULTRA-FINE FLAT WIRE 


Available in commercial quantities is an 
extremely fine flat wire, held to ex- 
tremely close tolerances of thickness, 
REULAND’S “XPANDABLE” DESIGN MEANS ALMOST UNLIMITED ADAPTABILITY... width, and cross section uniformity. 
Flat wire as fine as 0.0007-in. thick x 
(0.003-in. wide can be produced. Thick- 
ness can be held to a tolerance of + 


Don’t pay for special motor development until you first check 
the Reuland SPECIAL-MOTOR LIBRARY. Reuland’s revolutionary 
new XPANDABLE DESIGN idea has produced literally hundreds 
of unique power packages, one of which may already be the 
FU ae a 


EDR Oe mC CMe Lr ed oa ce 
motors. Free engineering literature will be sent upon request. 
Your inquiry will be given prompt, personal attention. 





REU LAN es ope ore tell 


Western Division: Alhambra 14, Calif. ~ Eastern Division: Howell 14, Mich. 
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plastic lamp 
socket 


SEALS OUT 
MOISTURE 
and DUST 


United-Carr’s in-plant plastic 
molding facilities permit 
complete control of quality and 
performance in the manufac- 
ture of devices in which metal 
and plastics are combined. 
This enables United-Carr to 


offer truly comprehensive and 


POLYETHYLENE SKIRT is flexible . . . seals reliable service on custom- 
against mounting surface and wire lead, pro- 


viding-a complete dust and moisture seal. designed fasteners and self- 


SNAP-IN MOUNTING PRONGS cre shaped fastening electrical devices. For 


for easy push-in entry into mounting hole and further information sizes 
. . . 7 x > 
snap outward to lock socket securely in place. 


Prongs are firmly anchored in plastic skirt. prices, etc., contact your near- 


AUTOMATIC GROUNDING of socket is pro- est United-Carr representative 
vided by positive contact between mounting or write us direct. 
prongs and mounting surface. 


available with springs and washers preassembled 


UNITED-CARR 
FASTENER CORPORATION 


31 Ames Street, Cambridge 42, Massachusetts 


MAKERS OF FASTENERS 
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INDUSTRIAL DIVISION Two Companies Under One 
Roof Offer You a 


Aah, a Ba Prime Source for... 
PRECIOUS 
COMPANY LAMINATED METALS 


and 
ATTLEBORO, MASSACHUSETTS FABRICATED PARTS 


O.. aim is to give you fast, 
efficient PERSONAL SERVICE on all 
orders and inquiries. Write us, we'll 
show you we mean business when 
A we talk SERVICE and QUALITY. 

Leach & Garner produces solid and 
laminated precious metals in sheet, 
wire and tubing. General Findings 
& Supply Co. fabricates precision 
parts from these and many other 
materials to your specifications. 


INDUSTRIAL DIVISION 


sot eee AD EMILE 


showing complete ; 
neiliies and products. ano SUPPLY company 
ASK FOR BROCHURE EM 1 ATTLEBORO, MASSACHUSETTS 





owt MINIATURE 
CAPACITORS 


Plastic film dielectric e Will withstand severest 


environmental tests. 
Very High resistance 


Low dielectric absorption 
Very Low cost 


Temperature range 
—10°C to 140°C 


Smaller than the smallest — 
Extremely long life 
Voltage 100 to 1000 volts 
Capacitance .001 fo 1 mfd. 


invite your inquiries. Ask for our complete catalogue on your company letterhead. 
Paper Dielectric Capacitors % Plastic Film Capacitors 
% High Voltage Power Supplies % Pulse Forming Networks 


7 
Zz a} lic apacit ee oe 


2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 








0.00001-in. and width to a tolerance of 
0.001-in. The wire is said to be produced 
with extreme freedom from twist. so 
that spiral springs made of it lie flat 
Fabricator’s process starts with a thin 
flat strip which remains flat throughout 
the process. 


Precision flat wire can be produced 
from most ferrous and nonferrous alloy< 
except for a few alloys that are diffiey); 
to cold work. It is available trom a 
maximum of 0.019-in. in overall width 
x 0.010-in. thick. down to the minimum 
of 0.003-in. in overall width x 0.0007. 
in. thick. Hamilton Watch Co.. Allied 
Products Div.. 904 Wheatland Ay 
Lancaster. Pa. 
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TAPERED TERMINAL AND 
RECEPTACLE LUGS FOR 
SOLDERLESS CONNECTIONS 


Quick connection of wiring without 
soldering is provided by the 2700 Series 
Gl tapered terminal and receptacle lugs 
Six standard sizes are offered whic! 


range from 0.328 above board. wit! 


an 0.113 diam. to 0.421 above board 
with an 0.118 diam. Single or doublk 





end terminals and feed-through types 
are available for standard terminal 
board thicknesses from 42 through 
in. 

Designed for use in conjunction with 
Amphenol or similar pins, the tapered 
lugs are made of half-hard brass said 
to meet MIL specifications. They are 
available from stock either non-plated 
or silver-plated. Any required finish 
can be provided. 

Tests show that. the new lugs have 
excellent. current - carrying capacity. 
Pull-out force required at room tem: 
perature is approximately 21.3 lb; 
high-temperature force is approximate- 
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HORIZONTAL 
PUSH-TYPE— 
WELDED BASE 





VERTICAL 
PULL TYPE— 
SHOCK- 
MOUNTED 


bobbin. 


VERTICAL 
PUSH TYPE— 
WELDED BASE 


THE Jy enlable ANSWER TO 


YOUR 40 OLENOID PROBLEMS 


@ COMPACTLY DESIGNED—for powerful performance. 


oat 


@ SHOCK-MOUNTED— Reduces self-destruction—greatest cause of sole- 
noid failure. 


A C WAFER 
SOLENOID 


@ HIGH MOISTURE RESISTANCE—Thoroughly impregnated with insulat- 
ing baking varnish. 


@ ALTERNATING CURRENT TYPES—Welded base construction for hori- 
zontal mounting. Welded or shock-mounted base for vertical mounting. 
Available in standard voltages, push or pull types, J. 1. C. specifications. 





@ DECCO D.C. SOLENOIDS—are NOT MODIFIED AC SOLENOIDS. 
They deliver a tremendous force in a small space—ideal for mobile 
equipment. 












DC 
INDUSTRIAL 
SOLENOID 


es @ WAFER-TYPE SOLENOIDS—Dependable, small, short stroke, low 
a amperage, push or pull solenoids for small mechanisms and light 
valving. 


@ SPECIAL SOLENOIDS ENGINEERED TO YOUR PROBLEMS. 
FOR COMPLETE INFORMATION 


ON ALL DECCO INDUSTRIAL 
SOLENOIDS « WRITE: 






CG 
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KEARFOTT 


... from 
problem 
through 
production 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 


trical and electronic components. 


Send for bulletin giving data of com- 


ponents of interest to you. 





SYNCHROS 


GYROS 


\ COUNTERS ep 


\ ES 


77 AMPLIFIERS 


Engineering ability and production facili- 
ties are as important to you as the charac- 
teristics of the components you select. After 
components are approved, you are de- 
pendent upon your supplier . . . dependent 
upon him for engineering assistance . . . 
dependent upon his ability to produce 
quality products in the required quantities. 


Many of the servo motors, synchros, 
gyros and systems in use today had their 
inception on the drafting boards of Kear- 
fott's engineers. This is proof of Kearfott's 
engineering ability. Kearfott offers com- 
plete engineering service before, during 
and after the purchase of a component. 


Modern buildings, over 430,000 
square feet of floor space, equipped with 
the latest in precision machinery, manned 
by 3,400 highly skilled specialists, are your 
assurance of Kearfott’s ability to produce. 

Yes, Kearfott is a dependable source 
of supply. If you have a design problem 
or require a special or standard compo- 
nent, contact Kearfott. 






earfott 








A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles and Engineering Offices: 1378 Moin Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, 


Chicago, Ill. 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


MOTOR-GENERATORS 


South Central Office: 6115 Denton Drive, Dallas, Texas 


ly 21.7 Ib; and low temperature force. 
approximately 41.8 lb. Among the uses 
for the tapered terminal lugs are 
etched-circuit and multiple-stacking ap- 
plications. U.S. Engineering Co., Inc., 
521 Commercial St., Glendale 3, Calif. 
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SMALL BLOWER HOUSING 


Designed for a 334 in. wheel, Model 
350 DE-STA-CO blower housing is sup- 
plied from stock in all practical widths, 
Standard assemblies are provided with 
open side-plates for easy mounting of 





dual inlet flanges or single flange and 
cover plate, for quick adaption to clock- 
wise or counterclockwise wheel rota- 
tion. In quantity orders, the housings 
can be obtained with integral inlet 
flange or blank cover plate on either 
side. Detroit Stamping Co., 350 Mid- 
land Ave., Detroit 3, Mich. 
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SLABBED HEAD SELF-LOCKING 
SET SCREW 


Newly developed fastener is designed 
to further extend the strength and 
other advantages inherent in slabbed 
head set screws. Useful in applications 
in which the slab portion cannot extend 
beyond the tapped hole, the fastener 
features a positive locking action that 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 





Shop Talk 


PAY EGR FiB-RE CO. 


Plants in Norristown, Pa. and La Verne, Calif. 


rr errr iO Ea 


eHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 


lips for designers 


a8 * 





Sealing strips for crew doors of 4-engine com- 
sercial transport plane are made from Taylor 
snvas base phenol laminate . . . chosen for its 
fexibility and long-wearing qualities. 





Welders’ helmets are fabricated from tough, Support for antenna lead in is punched from Taylor Insulation . . . a light- 


iwable Taylor Vulcanized Fibre . . . readily weight, flexible material ideal for mechanical applications and rough usage. 
formed to many desired contours. 


New Products, too, Use Tough, 





Fiexible Taylor insulation 


Aircraft fuel gage tank unit uses a tube of 
















loylor Epoxy Glass Base Laminate .. . an unusual 
raterial not H i , ; or . 
erial noted for excellent corrosion resistance When you’re designing new products ness and resistance to many chem- 
ond electrical insulation over a wide humidity , ae : EA : 
range. or modernizing old ones, take advan- icals qualify it for gaskets, washers, 
tage of the unique characteristics metal box liners and a wide variety 
... both in performance and economy of mechanical products. 
. of Taylor Insulation. Also called 
“fish paper,” this versatile material To insure uniformity of its useful 
has long been a favorite of designers. characteristics, Taylor Insulation’s 
Poi is : 5 : 
ailroad track-joint insulation, a specially It offers properties that have not base is a high grade rag paper manu- 
teveloped grade of Taylor Vulcanized Fibre, 2 ate ' : 
wiutonds heavy impacts and mechonicol stress been duplicated by more recently de- factured in Taylor’s own paper mill. 
high-speed trains. veloped materials . .. many of which Taylor Insulation comes in sheets, 
Taylor also makes. strips, rolls and coils for high speed 
M di ; f production equipment . . . sheets 
. st< x > 2c 
TAYLOR FABRICATING ost outstanding properties o 


approximately 56” x 90”, and rolls 


FACILITIES Taylor Insulation are its extreme 


up to 56” wide. 


. : ‘ toughness, excellent bending qual- 
Your production can be simpli- 6 a 


fied...schedules safeguarded... 
inventory headaches cured . . . 
and overall costs reduced by 
having Taylor fabricate finished 
parts to your specifications. Effi- 
cient, modern facilities are ready 
to serve you. Get in touch with 
Taylor about your require- 
ments. 


ities, high dielectric strength and are ah : 

: S — a Write to Taylor for a copy of its 
resistance. Its durable surface with- , 
. : s ; general catalog with complete tech- 
stands abrasion. It is an ideal insu- ; ; 
sa al f ; ' nical data on this and other grades 
ating material for slot wedges in : : ; 
ee ; 5 : ; of Taylor vulcanized fibre and lami- 
electric motors, for field coils, for ; a 

: nated plastics. And have a Taylor 
transformers, and for arc shields. . : , re 
engineer consult with you for specific 


Taylor Insulation is not limited to recommendations on your particular 





insulation work. Its strength, tough- materials application. : 
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is effectively retained in all positions 
Being flush with the surface, the screw 


44 .... SMALL IN SIZE also is practically tamper-proof, A 


special wrench is provided for use when 


e removal is desirable. 
“Flush-Lok” set screws, made with 
an undersize slab to permit flush jp. 


sertion, can also be supplied in fabrica- 
tors Nu-Cap design. offering excellent 
holding power. The fastener is suitable 
for hopper-feeding with  fabricator’s 
special unit. Set Screw & Manufactur- 
ing Co.. 112 Main St.. Bartlett. UL 
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LIGHTWEIGHT INSTANT 
SOLDER GUN WITH 1 8-IN. 
TIP 


Weighing only 8 oz, instant solder gun 


with 1x, in. tip is soldering-hot in a few 
a | P, | 4 Wh seconds without use of heavy trans 


former or thermostats. 


Special alloy Lifetime tip is said not 
to wear. corrode or bend. Trigger con- 
trol gives any degree of heat require | 


30.0 mfd in less than 0.03 cu. in. 


L pia. TIP 


without danger of overheating. Having 
the heating element right in the tip, 
the solder gun has a long, thin reach 
for getting in tight places. and a spot- 
light. 

Applications: printed circuits and 
subminiature and other assemblies, as 
well as for laboratory use. The unit is 
rated at 150 watts and is available for 
120 volts: operates on d-e as well as 
a-c. any cycle. Hexacon Electric Co., 
161 W. Clay Ave., Roselle Park, N. J. 
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PRINTED CIRCUIT KIT 

Printed circuit kit for experimental and 
development use contains a sheet of 
8-14 x 5 in. copper-clad laminate and 
all other materials required to make 


a 
4 


i, 
& 
| 


FANSTEEL METALLURGICAL CORPORATION 
emis) el) oe 


TANTALUM CAPACITORS... DEPENDABLE SINCE 1930 
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etched or printed circuits. The kit is 

said to make possible two average size 

miniaturized circuits or one = standard SMALL IN SIZE.... 94 
size circuit. Control Circuits, Ine., 24 

Broad St.. Middletown. Conn. 


Sl aniatammaem 5 
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COMPRESSION SPRING CATCH 
With 70 Ib compression in closed posi- 
tion. specially designed spring catch 
provides a water-tight seal when used 
with a rubber gasket. Typical applica- 
tions include use on machine bases and 


RU 
z150°C= 


ou coN aan 


STAT 


RTL 


about the size and % the weight of-a 
comparably rated standard rectifier 


shields. on instrument boxes exposed 
lo elements or requiring protection, 
and on electric control panels as a 
safety feature. Designated S-1097 ecateh 
and S-1162 top. device meets govern- 
ment specs (Signal Corp SC-C-76220, 
SC-B76221 and amendments). J. H. 
Sessions & Son. Bristol. Conn. 
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MINIATURE HIGH-GAIN 
MAGNETIC AMPLIFIER 

Only 0.2 microwatt of imput power to 
the Type LL-1000 low-level magnetic 
amplifier produces enough output to 


trip an electromagnetic relay having 2 


amp contacts. Potted in a hermetically 


FANSTEEL METALLURGICAL CORPORATION 
ees ee 


DEPERBDABLE RECTR RRS SINCE 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 











71.3% MORE 
DIELECTRIC 
STRENGTH with 

































Prove F.O.S. 
superiority 

with simple 
“Light Test’ 


Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 
position and our unique Strontium 90 
Isotopic method of applying it to the back- 
ing. Result — a denser, more even, more 
consistent adhesive coating with unusually high dielectric ratings ~ 
71.3% higher than leading competitive tape. Try it! 


Dielectric Volts 
Per Mil 


Leading competitive tape 


F.O.S. electrical tape 





WRITE FOR FREE SAMPLES—Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.O.S.—it pays you in superior, dependable 
performance. Write now for free samples. 


F.O.S. INDUSTRIAL TAPE DIVISION 


THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN. 


sealed can, the unit measures 11, x 14, 
in., weighs 5 oz. Power requirements are 
25 volts, 60 cycles with deviations of + 
10 per cent allowable in voltage; + 5 
per cent, in frequency. Control coil re. 
sistance is 20 ohms; time constant is ] 
to 10 cycles, depending on impedance of 
the signal source. This low-drift mag- 
netic amplifier operates at temperatures 
from —55 to 125 C and is designed for 
use with thermocouples, photovoltaic 
cells, strain gages, current shunts and 
similar sources. Units especially de. 
signed for industrial, aircraft and 
guided missile use are available. Stator 
Electric Corp., 46-25 58 St., Woodside 
Vas Ms 
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GERMANIUM TRANSISTORS 


Four new p-n-p fused junction germa- 
nium transistors have a volume of only 
0.0087 cu in. and are designated Types 
2N130, 2N131, 2N132 and 2N133. The 


first three are intended for use in audio 





or low-radio frequency applications; the 
fourth is a low noise transistor for use 
in low-level audio circuits. Average 
noise factor of the 2N133 is said to be 
6.5 db: it will not exceed a maximum 
limit of 10 db. Maximum ambient 
temperature is 85 C. The new transis- 
tors are electrically similar to, and are 
designed to replace, the CK 721 series. 
Raytheon Manufacturing Co., 55 Chapel 
St., Newton 58, Mass. 
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SINGLE-TURN 
POTENTIOMETER 

Capable of 360-deg mechanical rotation 
and 352 deg (+5 deg) electrical ro- 
tation, single-turn potentiometer, the 
S1-9000, has high resolution and a low 
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sat cece 100 apr Jae LI@CTPICA ‘ f@OE@I8 
1s- 
are 
es. @ The quiet little fan that cools milady’s brow; the roar- 
pel ing blades of the wind tunnel blower—both machines owe 
much of their efficiency to USS Electrical Steels. 
Here, at one source, you can get electrical steel for 
any application. Whether you make electric shavers, 
power transformers or motors to turn the turret of a 
ba battleship, you can be sure of a quality USS Electrical 
ro- Steel for any electrical equipment using steel laminations. 
the That’s why so many manufacturers are turning our 
low 


way. Our engineers will be glad to give technical assist- 


ance. Just phone, wire or write for more information. 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 

UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


NITED STATES STEEL EXPORT COMPANY. NEW YORK 


USS ELECTRICAL STEEL SHEETS & 
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TWO HEADS ARE BETTER 
THAN ONE 


Sometimes a double head is the only solution 
to your part or fastener problem. This steel 


spacer is an excellent example of a single 
double-headed part that has replaced a more 
expensive 3 piece part. Not only was the 
spacer itself much less expensive but actual 
assembly cost was cut almost 30%. HASSALL 
double-heading really paid off on this one. 


Double-heading is only one example of the almost 
limitless possibilities Hassall cold-heading offers you. 
If you have a fastener problem just send us samples 
or specifications for a quotation. 


WRITE FOR CATALOG ...... with it we will 
send you our popular decimal equivalent wall chart. 
John Hassall, Inc., Box 2225, Westbury, L. I., N. Y. 


HASSALL 


NAILS, RIVETS, SCREWS 
AND OTHER COLD HEADED 
FASTENERS AND SPECIALTIES 
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noise level. It is gangable to a total of 
14. Mechanical stops can be provided. 

The 51-9000 has a housing diameter 
of 14 in. and a housing length of 5¢ jn,- 
shaft diameter is 1g in. Specifications 
include; resistance range, 5 ohms to 25 
kilohms; standard resistance tolerance. 
+10 per cent; standard linearity toler. 
ance, 10 per cent; wattage rating, 0.8 
watt. Ambient temperature range ex- 
tends from —-55 to 85 C; weight per 
section, 0.5 oz: starting torque is 0,75 
oz-in., and running torque (max), 0.7 
oz-in. San Fernando Electric Manufac- 
turing Co., 1509 First St.. San Fernando. 
Calif. 
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MACHINE WELDS WIRES 
TO TERMINALS AND 
CONNECTORS 


Welding of standard electrical wires to 
small metal stampings. such as. ter- 
minals and connectors, without expos- 
ing strands to corrosion, flexing and 
crystallization is possible with new 
welding machine. since stranded wires 









Insulation Grip LA 
a - 
“ 


Cold Crimp 
\ 


Pertect 
Weld \ 


Cross Section Thru WELD 


are not left exposed but are covered 
with a sheathing of the base metal. 

The welding method is instantane- 
ous. because the sheath is plasticized 
before embedding itself in the stranded 
wires. The terminal or connector is kept 
cold throughout the operation, prevent- 
ing any destruction of insulation on 
wires. 

Indention or abrading of stranded 
wires is said to be eliminated. Indention 
takes place in the sheathing. In pull 
tests of connections made with the 
Crimpweld machine. the wire consist 
ently breaks in other than the welded 
joint. rather than at the welded jomt. 
Tests prove that joints welded by the 
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CAROL CABLE COMPANY 


Division of the Crescent Company, Inc., Pawtucket, Rhode Island 


ist- 
ded 
int. 
the 


Serving Industry for more than 30 years 
*FOR COMPLETE INFORMATION, WRITE DEPT. EM. 
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CIRCUIT DESIGN 
ENGINEERS 


Write to 
ENGINEERING 


STAFF RELATIONS 


HUGHES 


Aircraft Company 


Tucson, Arizona 


242 


for the 


FALCON 
GUIDED MISSILE 





So accurate and deadly is the Hughes Falcon 
guided missile produced in Tucson, Arizona, for 
the U.S. Air Force, that it has knocked maneuver- 
ing drone bombers out of the air even without an 
explosive warhead. Although its electronic brain 
can outwit any enemy bomber, it is the smallest 
guided missile in production. 

Because of this small size and consequent ex- 
treme miniaturized packaging, new production 
techniques have had to be conceived. This leads 
to production testing of individual parts, small 
integrated units, self-contained c: ymponents, com= 
plete integrated systems, and simulated environ- 
mental performance. 

The deveiopment of equipment for producing 
and testing of such a missile provides a continuous 
challenge to engineers experienced in electronic 
circuit design including the following: 

Pulse—Power Supply —Transistor—iF and RF— 
Clamping — Wave Shaping — Switching — Phase 
Modulator 
tor—Feedback—Video Circuits. 


Shift Input-Output Discrimina- 





method hold far beyond the breaking 
strength of the wire. 7 

Attaching speeds of 1500 per hr are 
possible. For cold crimping, the equip- 
ment incorporates automatically the 
cold crimping stations and metal ears 
for welding. There is the added security 
of welding, incorporated with a cold 
crimp or locked joint. 

The copper strands and the copper 
terminals or connector are bonded as 
one. Terminals and connectors welded 
on the machine are produced in strip 
form and supplied on reels. 

Approximate weight of machine: 125 
lb. Dimensions of machine with ree] 
attached: 37 in. wide x 26 in. high x 
27 in. deep. The Crimpweld Corp., 
PO Box 32, Edgewood Station, Prov. 
idence 5, R. I. 
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MAGNETIC A-C LINE VOLTAGE 
REGULATORS HAVE ~+0.25 
PER CENT ACCURACY 


Voltage regulation within 0.25 per 
cent with loads varying from 0.3 to 3 
kva is offered by Stablvolt magnetic 
d-c line-voltage regulators. Output volt- 
age is stabilized within a band of 0.25 
volt rms for line voltage variations from 
100-130 volts and line frequency varia- 





tions from 57-63 eps. Control of voltage 
output is continuously adjustable be- 
tween 110 and 120 volts rms. 

Conservative design is said to prevent 
output overvoltage. An automatic mag- 
netic switch in the a-c line provides 
overload protection and_ restores the 
normal operation. 

Principle of operation is simple: out- 
put of a buck-boost transformer 1s 
controlled by a high-speed, self satu- 
rated magnetic power amplifier, which 
receives its control signal from a high 
gain magnetic error amplifier. Signal 
for the error amplifier is obtained by 
comparing the output voltage of the a-¢ 
regulator with a static magnetic voltage 
reference source. A filter in the output 
circuit of the regulator reduces distor 
tion of the output wave shape to a very 
low degree. 

Applications include use as an a 
power source in automatically con- 
trolled equipment, computers, commu- 
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TURING 


‘I stable 
voltage 

in face of 
30% line 
variations 


Voltage-sensitive electrical and electronic equipment 
an not operate to performance specifications under 
wnditions of voltage fluctuation. A source of constant 
voltage can be easily supplied with a Sola Constant 


Voltage Transformer . 
wed externally as an accessory. 





. . built-in as a component, or 








TYPICAL EXAMPLE OF SOLA VOLTAGE REGU- 
LATING ACTION. The recording on the left 
represents a fairly common condition of voltage 
fluctuation on a 115v line, The chart on the right 


lation) . 
cycles or less) 


expendable parts) . . 


was made at exactly the same time from the same 
line. The primary of the Sola regulator was fed the 
voltage charted on the left, the voltage charted on 
the right represents its secondary output, regulated 
to within +1% of 115v. 


Among the chief advantages of Sola regulators are: 
dependable, automatic operation (static-magnetic regu- 
substantially instantaneous response (1.5 


. NO maintenance (no moving or 
. and immediate availability (40 


stock units in a wide variety of ratings). 








; STANDARD TYPE CV HARMONIC-NEUTRALIZED ADJUSTABLE, HARMONIC- PLATE AND FILAMENT TYPE CVE 
‘wenty-nine units from I5va_ to TYPE CVH NEUTRALIZED TYPE CVL Three units in popular power supply 
kva in a common power line and _ Six units from 60va to 2kva.. . in- Two ac voltage supply units, 250va ‘atings... a single, compact source 
vament voltage ratings . . . regula- put range 95-125v, output 115v.... and 500va... input range 95-125v, of filament and plate supply voltages 
non 1% or less with a total all the features of the Standard Type output range adjustable from O-130v “A — oo within =3% ha 
mary variation of 30% ... for CV plus a harmonic neutralizer cir- . regulated +1%, harmonic distor- W!th line voltage variations O )0- 
‘ectronic and electrical equipment cyir. . , 1% regulated voltage with tion less than 3% ... for general lab 130 volts . . . supplied with separate 
‘quiring close regulation, less than 3% harmonic distortion work, testing and other applications, ©4Pacitor for chassis mounting. 


SOLA 


Transformers for: Constant Voltage 


Constant Volltage 


TRANSFORMERS 


Fivorescent Lighting ° Cold Cathode Lighting 


Write for a 28 page bulletin with 
complete electrical and mechanical 
specifications on these Sola units. 
Request BULLETIN 6L-CV-200. 


o Mercury Vapor Lighting ° Plastic Signs 


SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © BOSTON: 272 Centre Street, Newton 58, Massachusetts 


NEW YORK 35: 103 East 125th Street 
CLEVELAND 15: 1836 Euclid Avenue 


LOS ANGELES 26: 2025 Sunset Boulevard 


KANSAS CITY 2, MISSOURI: 406 West 34th Street 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PHILADELPHIA: Commercial Trust Building 
e Representatives in Other Principal Cities 
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Light Weight Papers 


FOR ALL KINDS OF ELECTRICAL USES 


Available in thicknesses from .002” to .030° (2 pt to 
30 pt), H&V special papers are used for coil winding 
transformer winding, generator winding, slot insulation, 
cable winding (low and high tension) and for insulating 


purposes generally. 


2a ss 
Papers can be made from anything from 100/c rope 
stock to various combinations of rope, rag, and specially 


prepared kraft. 


Our Research Laboratory is at your disposal, — write 


us your problem. 





Hollingsworth «& Vose 
Company 


EAST WALPOLE - MASSACHUSETTS 


MANUFACTURERS OF TECHNICAL AND INDUSTRIAL PAPERS 


nication and other equipment. In the 
laboratory, the regulator provides . 
stable a-c voltage supply, a regulated 
filament supply and an isolated power 
source to prevent interference, 

Specifications include: input voltage, 
100-130 volts rms, 60 3 eps, single 
phase; output voltage. 110-120 volts 
rms, continuously adjustable. Output 
current is 34 amp at 110 volts; 315 
amp at 120 volts. Magnetic Research 
Corp. 200-202 Center St.. El Segundo. 
Calif. 

Circle No. 66, Reader Inquiry Service Cards 

preceding back cover 


ULTRASONIC SOLDER GUN 
HAS INTERNALLY HEATED Tip 


Operated ultrasonically and having an 
internal source of heat for melting 
solders. Model 1152 new soldering iron 
is designed for fluxless soldering and 





“ 8 


tinning of aluminum. germanium, sili- 
con, and other hard-to-solder metals. 
\ special heating coil within the trans- 
ducer delivers heat to the working tip 
via a second power line contained in 
the one cord set. Unit is resonant at 
20 ke and may be operated from either 
of manufacturer's 30- or 100-watt gen- 
erators. 

Also available is a 3-in. solder pot, 
Model 1112-B for fluxless tinning and 
dipping of small parts. Unit, which 
stands 1014 in. high. may be used as 
an ultrasonic mixer-cleaner merely by 
disconnecting the heating element. Al- 
car Instruments, Inc.. 17 Industrial 
Ave.. Little Ferry, N. J. 


Circle No. 67, Reader Inquiry Service Cards 
preceding back cover 


DIRECT-READING 
ELAPSED-TIME INDICATOR 
Model 7010 running time motor is NOW 
available in a dust-tight case with 
synchronous motor drive. The precision 
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Here is the original miracle upon 
which all wireless telephony is founded... 
Lee de Forest’s Audion tube. 


Today of course it has been improved a 
thousand-fold...in sensitivity, in power, in range. 
But this one still stands as the granddaddy 
of them all. 


And what has this to do with Driver-Harris? 
Simply this: 


The improvements on the Audion have come about 
through the combined efforts of thousands of devoted 
TIP physicists, metallurgists, and engineers, 


1 én whose increasing skills have in turn been made 

lting possible by the production of ever more effective radio 

ron alloys. Since the very beginnings of radio, 

and the Driver-Harris metallurgists have led the way in 
developing these special-purpose alloys conforming to 
rigid specifications, upon which the performance 
of electron tubes so largely depends. 


With the result that today Driver-Harris sells 
annually more tons of radio alloys to the makers of 
electron tubes than does any other supplier. 


Driver-Harris makes alloys for every electronic 
tube requirement: for grids, plates, side rods, glass 
seals, cathode sleeves and tabs, socket prongs, 
mica straps. We offer over 80 electrical heat- and 
corrosion-resistant alloys for various electrical 
and electronic applications. 


- If the alloy you need hasn’t already been 

etals. a developed, send us your specifications. Our engineers 
rene . : ; with 48 years of experience are at your service. 
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The Audion electron tube, invented 
by Lee de Forest in 1906 


cision 


SOME PROMINENT DRIVER-HARRIS RADIO ALLOYS: Nichrome* * 


Sole | < pe . 
producers HW) Driver-Harris Company warrison, new sersev 
of world-famous 
Nichrome BRANCHES: Chicago, Detroit, Cleveland, Lovisville, Los Angeles, San Francisco 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario, 


OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE W 


EADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





WATLOW’S Pe E we 5-digit counter accurately registers ac. 


cumulated hours of equipment 


opera- 

tions. It is available for use on 1]5 

CARTRIDGE | volt, 60 cycles. Two models are cur- 
HEATING | rently being produced, one indicating 
UNIT | hours in 1/10 hr steps to 9,999.9: the 







other, minutes in 1/10 min graduations 
to 9,999.9 min (166.6 hr). The units 
measure 14% in. in diam x 234 in, long 
and mount in front or behind the 
mounting panel. Electrical connections 
are from the rear through solder type 
terminals. Haydon Manufacturing Co. 


Inc., 245 East Elm St., Torrington, 


in cartridge 8d 
heating units Circle No 


...HOT 








68, Reader Inquiry Service Cards 





WATLOW STANDARD Preceding back cover 
FIREROD CARTRIDGE UNIT 

For 
= - & equ 
SAME HEAT in 1/5 the size! au 
aSse 
at 8 

@ A NEW HIGH of 375 wotts per sq. in. (S00°F operating temp RESISTANCE WELDER HAS to 

with .005” fit in hole.) INTERCHANGEABLE BU 

@ 1-O-N-G-E-R cartridge life HANDPIECES 


@ LIGHTER WEIGHT and smaller size—for greater flexibility in 
installation and design application 


Two interchangeable handpieces have 
been incorporated in the Weldmatic 
Model 1016 portable precision resist- 
ance welder. Model 1016 joins dis- 
similar metals and parts of varying 
thicknesses easily and instantly. The 
unit is also useful in installing high- 
temperature strain gages, since the 
long-lead handpiece of the welder welds 


WRITE for Bulletin 355. 











Mr. Design Engineer: 





. * 
_ Durakool ts the Lite o 
~ Your Automatic Controls 
This steel-clad Durakool mercury tilt switch the gage rigidly to the test piece, 
Y ets = } 
aad has unique construction teatures that deliver entirely from the side of the work if 
years of trouble-free performance on the necessary. Welds may be subjected to 
MILLIONS OF most difficult assignments you can find. Op- any temperature or other conditions 
CYCLES erating under sealed-in, pressurized hydrogen which the gage itself will withstand. 
WITHOUT gas, it takes 24 hours, fast cycling schedules After welding, the gage may be placed 
CALTERING in stride. 7 sizes, | to 65 amperes. in use immediately. Fo 
LTERING : ; ; ; : i 
: Send for Bulletin 525. Applications of the unit extends a at 
. moderate as well as high-temperature bu 
i See telephone directory for local distributor, or write. strain gage work. Welder also accommo- Tol 
DURAKOOL, INC. dates entire range of metal-foil-backed 
| ELKHART, INDIANA, U.S.A. e 700 WESTON RD., TORONTO, CANADA uxain gages for welding dicectly 


steels, super alloys. aluminum and other 


‘Voenpe as materials. Model 1016 operates from 


; any 115-volt a-c outlet. Unitek Corp.. 
MERCURY 275 North Halstead St., Pasadena 8. ( 
Calif. 
Circle No. 69, Reader Inquiry Service Cards 

p eceding back cover 
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CAPACITORS by General Electric 





MICRO-MINIATURE 
For low voltage d-c miniaturized electronic 
equipment (hearing aids, walkie-talkies, 
paging systems). Ideal for transistorized 
assemblies. Ratings 1-8 uf at 4 v. d-c, 1 uf 
at 8 v. d-c, 0.5 uf at 16 v. d-c. Tolerance —0 


to +200%. Temp. range —20 to +50° C. 
BULLETIN GEA-6065. 





PERMAFIL-IMPREGNATED 
Designed to meet requirements of MIL-C- 
5A, characteristic K specifications, and are 
suitable for high-temperature operation. 
Ratings 0.05—1 uf at 400 v. d-c. Tolerance 
=10%. Temp. range —55 to +125° C. 
BULLETIN GEC-811. 





ENERGY STORAGE 
For use in high magnetic fields and high 
Ntensity arc discharge. Ratings: may be 
dult as high as 2000 joules (watt-seconds). 
Tolerance +10%. BULLETIN GEA-4646. 





TANTALYTIC* 


For electronic equipment requiring small 
size, low leakage current, long shelf life, 
wide temperature range. Plain or etched 
foil, and polar or non-polar types, suitable 
for a-c or d-c. Ratings 0.25—580 uf, 3.75— 
150 v. Tolerance + 20% (plain foil), —15 to 
+75% (etched). Temp. range —55 to 
+85° C. BULLETIN GEC-808. 


1 
5 






oo a oR 


3 “ “ SACRA. oes as Sia Ra ARRAS 
STANDARD COMMERCIAL 


For motors, filters, communication equip- 
ment, luminous-tube transformers, indus- 
trial control. Ratings dual rated units (a-c or 
d-c) rated at 0.01 —50 uf, at 236-660 v. a-c, 
400-1500 v. d-c. Single rated units also 
available. Tolerance +10°%. Temp. range 


—55 to +85° C. BULLETIN GEC-809. 


NETWORK 


For guided missiles, aircraft, radar equip- 
ment. Ratings: built to user specifications 
Temp. range —55 to +125° C, or to user 


specifications. BULLETIN GEA-4996. 


NOTE: All capacitance tolerances are given at +25° C. 


Progress /s Our Most Important Product 


GENERAL @Q) ELECTRIC = 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





METAL-CLAD TUBULAR 


For d-c uses where reliability under severe 
operating conditions is required (military 
electronic equipment). Ratings 0.001—1 uf 
at 100, 200, 300, 400 and 600 working v. d-c. 
(Can be applied to a-c circuits with adequate 
derating.) Tolerances +5, +10, or +20%. 
Temp. range —55to +125° C. BULLETIN 
GEC-987. 





DRAWN-OVAL 


For air conditioning and refrigeration equip- 
ment, fluorescent lamp ballasts, business 
machines, voltage stabilizers. Single, dual 
or triple-section types. Ratings 1—20 uf at 
236-660 v. a-c, and 1-15 uf at 600-1500 v 
d-c. Tolerance +10%. Temp. range —30 to 
+70° C. BULLETIN GEA-5777. 


*Reg. trademark of General Electric Company. 


SEND COUPON BELOW for complete in- 
formation about G-E capacitors. 


| General Electric Co. 
| Section P 442-25 
Schenectady 5, N. Y. 
| 

| 

| 


| 

| 

Please send me capacitor bu!letins | 
checked below. | 
| 

| 

} 


[) GEA-4646 [} GEC-808 
] GEA-4996 [ GEC-809 
GEA-5777 GEC-811 
GEA-6065 GEC-987 
Name | 
| 
Position 


Comnuiy 


Address 











Selenium 


Power Rectifiers 
with 
“Solid Stack’ assembly 





The “solid stack” assembly of the 
new line of UNION Selenium Recti- 
fiers provides utmost rigidity and far 
more resistance to vibration. It elim- 
inates radial movement and prevents 
breaks in the paint seal. 

This extra rigidity is obtained by 
using larger, non-resilient spacer 
washers finished flat to close toler- 
ances and all parts are under con- 
stant pressure exerted by Belleville 
springs at the ends of the stack. 

The selenium cells are produced 
by a special and carefully controlled 
process which assures uniform high 
quality and better performance. 
Corners are rounded instead of sharp 
for safety, and to assure an un- 


broken coating. Connectors are made 
of brass or bronze for better service 
under adverse conditions. 


Ratings: The standard line of . 


UNION selenium rectifier cells range 
in size from 1” x 1” to 5” x 6” and 
with convection cooling, are rated 
from .180 to 10.0 amperes per cell 
on a single phase fullwave bridge 
basis. Cells can be “stacked” in 
series, parallel or series-parallel 
combinations to fit practically any 
current and voltage conversion re- 
quirement. The stack assemblies con- 
form to NEMA specifications. 
Write for our Bulletin 1009, or 
contact any of our distributors listed 
below for complete information. 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18 i eaaiame 


NEW YORK, !Vanhoe 3-2424 (Hempstead) 


BALTIMORE, VAlley 5-3431 


CHICAGO, LOngbeach 1-3042 » LONDON, OHIO, LOndon 1555 * LOS ANGELES, Clinton 6-2255 
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BOSTON (Ashland) TRinity 2-4485 
ST. LOUIS, JEfferson 5-7300 


ENT mae 


Laboratory 


Engineering 
Equipment 





INSTRUMENT PACKAGE FOR 
CHARGING, TREATING, 
CALIBRATING INSTRUMENTS 


Illustrated units and accessories form a 
complete combination for charging. 
treating and calibrating electrical indi- 
cating instruments. 

Redesigned Model 829 A-C. D-€ In- 


strument Calibration Standard. shown 





at extreme left. is a portable standard 
supplied with an Autodex calibration 
chart showing comparison of all ranges 
to basic standards set by the National 
Bureau of Standards. Guaranteed ac- 
curacy of O.5) per cent is obtainable 
over all ranges when using chart sup- 
plied with unit. Seventy-seven full-scale 
ranges are provided. 

Model 107A Magnet Charger, shown 
in center, is a capacitor discharge im- 
pulse type capable of charging all 
commonly used permanent magnets. 

Specifically designed for use with the 
magnet charger, Model 889A Magne- 
treater quickly treats saturated instru- 
ment magnets to any desired level, 
including the new core-type mechan- 
isms. Model 889A kevs the magnet 
charger discharge circuits at a constant 
rate of about 80 pulses per min. A 
Variac regulates the power output level 
in the treating coil. This newly devel- 
oped demagnetizing device (ta! right 
in illustration) when used in conjune- 
tion with the magnet charger, forms 4 
highly controllable magnetizing-demag- 
netizing combination. 

The basic fixture. XD-4128, shown Jn 


DECEMBER 1955 ELECTRICAL MANUFAC TURING 


HI 
REC 


a 


oO 





wii 


mn- 


all 


he 
ne- 


ru- 
An- 
net 


int 


vel 


nt of the magnet charger in the illus- 
ation, has been designed to handle 
ye-type meter magnet mechanisms. 
‘adio Frequency Laboratories, Ince.. 
werville Rd.. Boonton 9, N.J. 


Circle No. 70, Reader Inquiry Service Cards 
preceding back cover 


HIGH-SPEED ELECTRONIC 
rRECORDER 


igh-speed electronic recorder re- 
jires only a quarter-second for its pen 
cover the full ll-in. chart width. It 
as designed primarily for research 


ork and laboratory use where em- 


asis is on high-speed measurement 





Now a complete line of 


“Selenium Slim’ Rectifiers 


in the ratings you need 






{ charting of changing conditions 
it can be measured by d-c output 
nsducers, 
Recorder incorporates a plug-in am 
her. All components can be replaced 
sa complete unit to facilitate range 
anging. A manual pen lifter prevents 
k clogging or tearing of chart paper. 
Basic options are: 2 in. per sec or 4 
per min. Instrument can also be 
upped with a chart drive step-up 
chanism. This arrangement gives a 
eed of 6 in. per hr. which can be in- 
ased in a ratio of 30:1 or 60:1. 
ineapolis-Honeywell Regulator Co.. 
lustrial Div.. Wayne & Windrim 
es. Philadelphia 44. Pa. 


Circle No. 71, Reader Inquiry Service Cards 
preceding back cover 


TUBELESS 1 KVA A-C LINE 
REGULATOR 


gnetic-amplifier-regulated | kva a- 
€ voltage regulator is designated 
lodel ML_LR1000. The tubeless unit con- 
is no moving parts or vibrating con- 


ts. Specifications include: input 


lage range. 95 to 135 volts: output 


tage. 115 volts nominal (can be ad- 





DER INOLIRY SERVICE CARDS. PRECEDING 


Now you can get UNION “Selenium 
Slims” in five ratings ranging from 
1.25 to 20.0 milliamperes and maxi- 
mum peak inverse voltages from 36 
to 9360 with condenser input filter. 
They are available in diameters from 
1%” ta Y”. 

These high-voltage, low-current 
rectifiers are made by a new process 
which assures superior quality and 
trouble-free performance. They are 
designed to outlast and outperform 
vacuum tube circuits at a compar- 
able price. 

“Selenium Slims” are made in as- 


semblies of 1 to 260 miniature cells 
spring-loaded in either tough pheno- 
lic tubes or hermetically-sealed glass 
tubes. You can snap them into your 
circuits with standard fuse clips or 
solder in with pig-tail leads. Special 
assemblies are available to meet cus- 


tomer requirements. 

A few applications are television 
receivers, electronic equipment, elec- 
tro-static precipitators, business ma- 
chines and Geiger counters. 

Send for our new Bulletin 1007 for 
complete information, or contact 
one of our distributors listed below. 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 








erssunon 18 JQ) remsrevana 


NEW YORK, IVanhoe 3-2424 (Hempstead) BOSTON (Ashland) TRinity 2-4485 
BALTIMORE, VAlley 5-3431 ST. LOUIS, JEfferson 5-7300 
CHICAGO, LOngbeach 1-3042 - LONDON, OHIO, LOndon 1555 * LOS ANGELES, Clinton 6-2255 
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justed from 110 to 120 volts); and 
: regulation accuracy, + 0.25 per cent 
We H fay 9 Yo es Put NY @ re for any combination of line or load. 

Frequency is 60 cycles, +10 per cent; 
waveform distortion, 3 per cent max. 


e ane 
a Power factor range: 0.5 lagging to 0.9 
CT Q td ai {¢ leading; response time, 0.2 sec. The unit 
is suitable for laboratory and other 
ae’ Automation 


345 Kansas St., El Segundo, Calif. 


Circle No. 72, Reader Inquiry Service Cards 


applications. Perkin Engineering Corp 
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ROTARY ACCELERATOR TESTS 
AND CALIBRATES SMALL 
DEVICES 


Compact acceleration testing machine 
tests and calibrates small assemblies 
while at the same time subjecting them 
to multiples of the acceleration of 
gravity. The accelerator, Model CK9X, 


is capable of subjecting objects as 






































large as a 5 in. cube weighing a maxi- 
mum of 3 lb to accelerations up to 


@ There is an “extra” Lewis Service many spring users don’t 
know about... it might be called: “packing for production” or 
“arranged for automation.” It’s simply the way in which Lewis 
Springs and Wireforms may be shipped to reach the production 
line ready for quick, time-saving handling and the most efficient 
assembly operation... by hand or automatic equipment. 





250 g. The rotating table is tapped 
with groups of holes to permit mount- 
ing, testing and calibrating four ob- 


Working with customer’s production men, Lewis Engineers —|_ jects simultaneously. The electronic 
devise the packing method best suited to the job: Perhaps threaded | controller furnishes a speed range up 


: . . 000 r ith ver ‘cise speed 
onarod...on special holders...in envelopes ...tied or grouped | 1 ee ee Fer. ee E 


: : : | control. Eight instrument slip rings 
in bundles...and in many other different ways. | are provided for electrical connection 


If you use springs and wireforms, and have plans to further between rotating test objects, stationary 
“automate” production we'd like to help you with our “extras” instruments and power sources. All 


rings have shielded leads and are 
rated at 5 amp and 220 volts and 10 
amp and 110 volts. 


in Lewis Service. And, of course, top quality springs and wire- 
forms are our business. Send us your problem. 


LEWIS SPRING & MANUFACTURING COMPANY The column assembly, motor mount, 
2646 W. NORTH AVE. . CHICAGO 47, ILL. | motor, rotating table, tachometer 
generator ; ickup are in a 

PRECIS generator and rpm pickuy 

e Bef compact group, installed in a fabri- 


S P R i Re G cated steel test stand with an integral 

14 in. thick steel plate safety guard 
| enclosing the rotating table. The lid 
t Light Sprin over the rotating table has a trans: 
tm parent window of 1% in. thick Plexiglas 
7 | which permits observation of the table 
top while providing protection for the 
operator. All controls are centralized 
in a console which may be placed on 
a table or desk remote from the ma- 
chine. 

A tachometer generator and meter 
provide continuous speed measurement 
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How He Quill Trouble Free Automatic Control Panels 


ALLEN-BRADLEY PANEL COMPONENTS 


Bulletin 894 


M Visi i 
anual Visible Blade Disconnect Bulletin 700 Uni- 


versal Relays up to 
8 poles a-c or d-c 


Bulletin 891 
Adjustable Fuse Clips 


Bulletin 800T Oil- 
tight Pilot Light with 
glass lens 


Bulletin 350 
Drum Switch 


Bulletin 709 
Solenoid Starter 


Special control panels—to be reliable and trouble- 
free—must be built of reliable starters, relays, timers, 
indicating pilot lights, etc. 


When you standardize on the Allen-Bradley line 
of control components, you get the benefits of years 
of practical experience with all types of control 
problems. But, best of all, let Allen-Bradley design 
and build your trouble free panels for you. Call your 
nearest Allen-Bradley office for friendly counsel. 


Allen-Bradley Co. 
1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd. Le 
Galt, Ont. be 


Bulletin 800T Oil- 
tight Push Button 


Bulletin SOOT Oil- 
tight Push Buttons 


@& 


RUE R RAY 


Dei) mh)! 





Bulletin 849 
Pneumatic Timer 


























A-B explosion-proof solenoid starter on 


liquid petroleum gas compressor. 





A-B Bulletin 609 manual starter on Barnes- 


dril magnetic and fabric filter. 





A-B solenoid starters and 3-button sta- 
tion on Economy shaving machine. 


A-B Bulletin 709 solenoid starter on Oliver 


36 inch, 5 hp band saw. 


3 MOST POPULAR MOTOR STARTERS 


These three across-the-line starters are so popular because each is a 
QUALITY product in design and construction, which provides continuously 
accurate and reliable thermal overload protection. Costly motor burn- 
outs are prevented and machine shutdowns are avoided. 


Bulletin 609 Manual Starters 
Because these starters are push- 
button operated, they can be 
mounted in close groups if neces- 


sary. Switching mechanism is both 7 


“quick make” and “quick break.” 
Sustained overload trips the starter 

and stops the motor. The overload break- 
ers are reset by pushing the STOP-RESET 
button. Available up to 5 hp, 220 v; 72 
hp, 440-550 v. 


Bulletin 709 Solenoid Starters 


The simple design—only one moving part 
—of these remote control automatic start- 
ers assures long life and trouble free 


operation. Provide reliable motor over- ~ 


load protection. They also give no-voltage 
release protection that prevents the acci- 


Allen-Bradley Co. 
1316 S. Second St., Milwaukee 4, Wis. 


A-B flush-type Bulletin 709 starter on 


Stokes injection molder. 


i 


-BRA 


ALLE 


dental restarting of stalled motors. 
The operator must press the START 
button to restart the motor. Avail- 
able in ratings up to 300 hp, 220 
v; 600 hp, 440-550 v. 


Bulletin 712-713 Combination 
Starters 


These compact starters save space 
and installation cost by combining 
magnetic starter and manual visible blade 
disconnect or circuit breaker in a single 
cabinet. This assures a neat, safe instal- 
lation, because starter cabinet cannot be 
opened unless disconnect lever is in the 
“OFF” position. Available with manual 
disconnect up to 100 hp, 220 v; 200 hp, 
440-550 v. With circuit breaker up to 
200 hp, 220 v; 400 hp, 440-550 v. 


In Canada—Allen-Bradley Canada ltd. 
Galt, Ont. i 





A-B Bulletin 712 combination starter on 


Ekstrom-Carlson scarf mill. 


ae 
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accurate to 2 per cent. In addition, a 


Stroboconn frequency meter may be 
ysed to provide rpm readings accurate 
to + 0.1 per cent. Dynamic braking 
is provided to bring the rotating table 
to a rapid stop. Single- and four-line 
pressure and vacuum 
available if desired. Schaevitz Machine 


Works. Camden 1, N.J. 


Circle No. 73, Reader Inquiry Service Cards 
preceding back cover 


systems are 


BATTERY-OPERATED 
PORTABLE MEGOHMMETER 


Model 2030 portable megohmmete: 
measures leakage resistance from 5 


to 10,000,000 megohms in 5 ranges with 
3 per cent. A regu- 
lated 500-volt supply is incorporated in 
the instrument for supplying test po- 


an accuracy of 





tential. Battery drain has been reduced 
(0a minimum in order to insure long- 
term reliable operation. A standard re- 
stor is incorporated in the instrument 
for fast checking of instrument ac- 
uracy and calibration. Freed Trans- 
omer Co.. Inc., 1718-36 Weirfield St., 
Brooklyn 27, N. Y. 
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ADJUSTABLE GROWLER 


Built with adjustable jaws (21% in. face 
ength), Type B-1-M growler will test 
matures from 1 in. to 18 in. diam. It 
§ so constructed that no matter what 
the setting of the jaw opening may be, 
the armature is always suspended above 
the center of the jaws, thus preventing 
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TE Tay 


WITH OPEN SIDES AND 
DETACHABLE SIDE PANELS 


TO GROWTH 
REQUIREMENTS 










}PAR-METAL Types “PR” and 
| “FR” Universal* Cabinet Racks 
are made with Detachable Side 
49| Panels in order to assure flexi- 
Gi bility for your future needs. 





9) Because STANDARD 
"Jai UNITS, you get custom-quality at 
| economical cost. They may be used 


































these are 


The above unit is 
our Type “PR” (with 


rear door only) “Uni- 


singly or in a group arrangement. 


z Made in these dimensions: 
versal Cabinet Rack”. 


Type “FR” has both 


front and rear doors. 


44 Heights: 4814", 6734”, 761%” and 8314". 
Hf Depths: 18” and 24”. 


Panel Widths: 19” and 24”. 


Built for Dependable Service 

While incorporating new features of versatile 

assembly, there has been no sacrifice of struc- 

tural rigidity. ALL PAR-METAL RACKS are 

substantially welded and reinforced for diversi- 

fied industrial use. 

STANDARD ACCESSORIES: Vertical Side Supports, 
Sliding Shelves, Rack Mounting Chasses, Bases, 
Roller Trucks, etc. are available as standard 


RO ten sce OF 


\. 





equipment. 
The assembly of 5 racks shown above has 4 Type “FR” and 1 *Universal Cabinet 
[ype “PR rack. Equal height racks may be intermixed with 1/9” Racks are also avail- 
and 24° wide panels. The end panels of the assembly have the detachable able with fixed side 


sides installed. They are quickly removable. panels. 


—<——=jeggy-PAR-METAL PRODUCTS CORP. 


Metal Housings for Electronic Apparatus 
32-48 49th Street + Long Island City 3, N. Y. 
Mail this coupon for our Latest Catalog today. 


Par-Metal Products Corp. 
32-48 49th St., L.I.C. 3, N.Y. 





We are interested in “Universal Cabinet Racks.” 
( ) Mail a copy of your latest catalog to:— 





Position 





Name 


Address 


Company 


City 








What to look for when 
using TEFLON products 
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All Teflon isn’t equal. Apart from its well known chemical 
inertness, there are these distinct differences that can affect 
performance and durability: 
Non porosity ... FLUOROFLEX®-T “electrical grade” rods, 
tubes and sheets are produced with no porosity. Conformance 
to major electrical and physical properties is certified.* This 
assures you reliable operation in even the most critical low 
loss applications. 
Dimensional Stability .. . Increased resistance to elongation 
is offered you by “mechanical grade’ FLUOROFLEX-T ... 
which is now available in extruded rods and tubes 
Machinability . . . Stress relieving of all FLUOROFLEX-T 
products means uniform parts, easier machining, and fewer 
rejects. 
Product Quality . . . Available in rods, sheets and tubes, in 
mechanical parts to your specification, in R-3800 hose assem- 
blies, all FLUOROFLEX-T products have this in common 
fabrication under a quality control system approved by the 
USAF under MIL-Q-5923. 

Send for details and for quotations on your needs. 


*Copies of test reports on file available on request. 


®Fluoroflex is a Resistoflex registered trade mark for products from fluorocarbon 
resins. Teflon is the DuPont registered trade mark for its tetrafluoroethylene resin 


RESISTOFLEX 


CORPORATION ° Bellevilie 9, New Jersey 


Warehousing Distributors: Western Fibrous Glass Products Co., Los Angeles, Cal. 
Colonial Kolonite Company, Chicago, Ill. @ F. B. Wright Company, Detroit, Mich. 


tipping. Meter connected to a secondary 
winding on the growler shows any 
change in the magnetic flux of the 
growler. This method provides large 
meter deflection, in most cases, for de- 
fective coils. The Martindale Electric 
Co., 1381 Hird Ave., Cleveland 7, Ohio. 
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TRACE CATHODE RAY 
OSCILLOSCOPE 


Model MO 24 trace cathode-ray oscillo- 
scope presents multi-channel informa. 
tion on a 21-in. picture tube by intensity 
modulation of a 5000-cps raster, The 
raster method results in frequency re. 
sponse useful to 500 cps on all 24 traces 


PERE REERE SE EE 





with only a single electron gun. Each 
trace may cross over other traces, and 
is limited in amplitude only by the size 
of the cathode-ray tube. A position con- 
trol is provided for each trace. A special 
“window” control permits a portion of 
the sweep to be accelerated for careful 
examination. 

An auxillary unit, the Event Pre- 
Selector, puts 0.1 and 0.01 sec timing 
lines over the scope, and triggers the 
sweep after an adjustable delay period 
following the initial pulse. This feature 
is especially useful when the MO is 
used as a monitor for 24-channel mag- 
netic tape recordings. Southwestern 
Industrial Electronics Co., P. O. Box 
13058, 2831 Post Oak Rd.. Houston. 
Tex. 
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OSCILLATOR OFFERS 
EXTENDED FREQUENCY 
RANGE WITH HIGH OUTPUT 


Laboratory-type oscillator offers ad- 
vantages of extended frequency range. 
light weight, small size. and high out- 
put. Designated Type 347 Extended- 
Range Oscillator, the instrument cov- 
ers the frequency range from 18 cycles 
to 1.1 mc. Weighing 6 lb, the unit meas- 
ures 6 in. deep (including knobs), X 
6% in. high (including carrying strap) 
x 414 in. wide. Output voltage is 10 
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RING 


... but here it 


At last, a termination that splices enamel, 

poly-vinyl acetal and similarly 

coated wire! No more scraping, no more 

dipping in solvents, no more 

damaged wire from embrittling or solder 

wicking when you use new 

Amplivar splices. They’re faster too; can be 

applied at a high rate of speed 

with AMP automatic machines. 

Amplivar splices are scarcely larger than 

the wires they connect yet 

mean more reliable, more uniform termina- 

tions of coil windings in your 

product. Positive multi-ring stripping with 

Amplivar Keystone Serration splices 

assures a perfect electrical connection. 
Send today for your copy of 


our brochure AMP’s Creative 
Approach to Better Wiring. SA-MP® 
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AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 


In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, 
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FOR POWER SUPPLY, COMMUNICATIONS AND ELECTRONIC APPLICATIONS 
ADVANCED DESIGN, HIGHEST QUALITY 


Super flexible with semi-conducting 
textile shield and long-wearing neoprene oe 

jacket. Cadmium copper conductors for long 

flex life, insulated with high dielectric strength rubber. Noisy circuits are 
eliminated. Other types also available. 


SPEECH INPUT AND SOUND SYSTEM CABLES 





Semi-rigid polyvinyl chloride Types. Solid or stranded conductors with 
bare or tinned copper shield. And, with cotton braid or Plastite® jacket 
Also, Enamel Textile Types. 


SIGNAL WIRES 





Bare soft copper conductors insulated with high dielectric strength poly- 
vinyl chloride insulation. Underwriters’ Laboratories approved for fire 
and burglar alarm system internal wiring. 





TELECABLE® Multiconductor Paired Inside Wiring Cable 


Semi-rigid polyvinyl chloride insulation, brown or ivory polyvinyl chloride 
jacket. Light weight, easy to install, unaffected by humidity. 


PORTABLE CORDS 





Underwriters’ Laboratories approved — for power supply on electrical 
equipment. Neoprene jacketed DYNAPRENE® and rubber jacketed types 


CORD SETS AND CABLE ASSEMBLIES 


Custom-built to customer's requirements. Using either standard cordage 
or cord designed to fit your particular application, Whitney Blake can 
furnish regular line cords or special purpose cords having attached or 
integrally molded rubber or Plastite fittings. 







© 1955 


WHITNEY BLAKE COMPANY 


ged 
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New Haven 14, Connecticut 
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volts open circuit; distortion is less 
than 2,10 per cent over most of its 
useful range. Ability to operate on 
power supplies of 50-400 cps permits 
the instrument to be used for airborne 
applications. Where it is necessary to 
operate the Type 347 with balanced 
output, a new matching transformer, 
the Type 2624, is available, which pro- 
vides a maximum output of 8 dbm. 
Allen B. DuMont Laboratories, Inc., 
750 Bloomfield Ave., Clifton, N.J. 
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ELECTRONIC BALANCING 
MACHINE 


Electronic balancing machine enables 
small cylindrical bodies, such as rotors, 
armatures. and fan units to be dynam- 
ically balanced. 

The machine measures unbalance in 
two planes of correction and locates the 
unbalance angularly by means of a 
stroboscopic lamp. Identified as Type 
1250, the machine measures out-of-bal- 





ance masses as low as 0.0013 per cent 
of total weight. Location and correction 
determination is usually made within 
30 sec. 

The part or assembly to be balanced 
is supported on two cradles and rotated 
by the machine up to 2700 rpm. Vibra- 
tions due to unbalance masses are 
picked up by rods in the cradle to gen- 
erate an alternating voltage propor- 
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For all your Tape Wound 
Core Requirements, specify 





REC by ARNOLD 


You'll be assured of the performance and uniformity you want, when 
you use Arnold Cores as magnetic components in your amplifier, 
transformer and reactor assemblies. 

Our facilities for production and testing are highly modern and 
complete. Arnold is a fully integrated company, controlling every 
manufacturing step from the raw material to the finished core, and 
therefore best able to maintain high quality control. You'll have at 
your command the most complete line in the industry . . . containing 
every type, shape or size core you may require to meet design needs 
or electrical characteristics. 

Many sizes of Arnold Tape-Wound Cores are carried in stock for 
immediate delivery. @ Write for additional information, and let us quote 
on your requirements and help solve your problems. 


HERE’S DATA YOU NEED... 
Write for these Booklets 


1 BULLETIN TC-101A .. . “‘Properties 
of Deltamax, 4-79 Mo-Permalloy and 
Super-malloy’—28 pages of technical 
data on Arnold Tape-Wound Cores of 
high-permeability alloys. 

2 BULLETIN SC-107 . . . “Arnold 
Silectron Cores’’—round, square, rec- 
tangular, or C and E cores; 52 pages 
of data on shapes, sizes, properties, etc. 


ADDRESS DEPT. EM-512 


wa@D 5648 


HE ARNOLD [-NGINEERING ((OMPANY 


SUBSIDIARY OF ALLEGHENY LUOLUM STEEL CORPORATION 








AML General Office & Plant: Marengo, Illinois 
a DISTRICT SALES OFFICES ...New York: 350 Fifth Ave. =| 
Sl” Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley Sf. 
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POLYPENCO* 





SHAPES 


a 


Machine Parts Accurately and at 
Low Cost from POLYPENCO Shapes 


@ Simplify your design and production problems right at the start. With 
high quality POLYPENCO shapes you can fabricate parts at low cost, 


maintain complete control over production, and change design at a 
moment's notice. 
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WHY MACHINING HAS ADVANTAGES 


Fabricating from POLYPENCO rod, bar, tubular bar, strip 
or slab is easily and quickly done on any standard metal- 
working equipment. Machined parts result in closer toler- 


ances and more uniform dimensions. Moreover, many parts - 


can be produced at high speed on automatic machines. 


YOU CONTROL YOUR PRODUCTION 


Because nylon parts can be machined from POLYPENCO 
shapes on conventional metalworking tools in your own 
shop, direct control over parts production is a simple matter. 
Production schedules and quality control fall under your 
direct supervision. 


MAINTAIN PRODUCTION SCHEDULES— 
RAISE UNIFORM QUALITY 


You get a// the desirable properties of nylon in POLYPENCO 
shapes in piece after piece, order after order. Rigid quality 
control assures uniform density, dimensional stability, free 
of porosity and stress spots. This means steadier production 
and fewer rejects. POLYPENCO Nylon Shapes are stocked 
in convenient sizes for immediate shipment from warehouses 
located throughout the country. 


For complete data and specifications on POLYPENCO Nylon 
Shapes write for a copy of the Nylon Bulletin. 


THE POLYMER CORPORATION of Penna. « Reading, Penna. 
In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P.Q 


nylon, Teflon* and other non-metallics 


* DU PON ADEMARK 


tional to the amplitude of the vibration 
of the work. This current, fed to 4 
meter, is amplified so that even minute 
vibrations give a reliable reading on the 


meter. The vibrations also actuate 
stroboscopic lamp that angularly 


locates the unbalance. 

A filter network is included in the 
apparatus which is set to pass only 
those vibrations of the work which 
occur revolution. Control 
switches select either right or left hand 
plane for correction; readings of each 
plane are completely independent of 
the amount of unbalance in the other, 

Parts or assemblies up to 13 in long 
and 5 in. wide and weighing up to 10 Jb 
can be handled. All controls are »reset 
except those necessary for ope) .or’s 
use. The Hickok Electrical Instrument 
Co., 10541 Dupont Ave.. Cleveland 8, 
Ohio. 
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DIFFERENTIAL VOLTMETER 


Type 1560 Differential Voltmeter is 
useful when checking response and 


attenuation of filters, transformers, 


amplifiers and other components where 
a small difference in two voltages is to 
be measured. The instrument measures 
differences in voltage levels as low as 





0.01 per cent. Because of its stability 
and high sensitivity. Type 1560 may 
also be used to observe drift in ampli- 
fiers, meters and filters. 

A-c input signals are amplified, and 
then rectified and compared, so that 
an accurate comparison may be ob- 
tained regardless of the phase of the 
input signals. Voltage differences can 
be observed through the use of a high- 
gain amplifier and are indicated on a 
j-in. zero-center meter. 

include: difference 
-10 per cent to 5 per 
cent in 0.01 per cent increments. In- 
put voltage levels; from 0.1 to 100 
volts. Frequency range: 30 cps to 20 ke. 
Input impedance: 500 kilohms. Instru- 
ment operates trom a 115-volt, 60-cycle 
line. Freed Transformer Co., Inc., 1718 
36 Weirfield St., Brooklyn 27, N. Y. 
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Specifications 
voltage range. 
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SEPARATE MOTOR | 
SPEED-TROL DRIVE 


OVER 60 ILLUSTRATIONS 


showing how Sterling 
Electric Power Drives reduce 
production costs. Write for 





For applications requiring separate 


motor and variable speed transmission. 


TERLIN 


Plants: New York City 51; Chicago 35; Los Angeles 22; Hamilton, Canada; Santiago, Chile 


STERLING SPEED-TROL! 


Universal Chain Company of New Jer- 
sey, using Speed-Trol on their wire draw- 
ing machine, in addition to increasing 
production 10 to 30 per cent, had a cor- 
responding reduction in labor costs and 
a definite improvement in employee 
morale through greater ease and safet) 


of operation. 


STERLING SPEED-TROL 
GIVES YOU VARIABLE SPEED 
CONTROL NECESSARY FOR: 
EQUIPMENT ADAPTATION TO: Sequence 


synchronization — operators’ abilities —load 
variations due to differences in quantity, 
quality, weight, size, tension, hardness or shape 
of material to be processed, machined, con- 
veyed, blended, mixed, etc. 
PROCESS CONTROL OF: Temperature— 
viscosity — level — pressure — flow — etc. 
TIME CONTROL OF: Baking—drying— 
heating — cooking — pasteurizing — soaking — 
chemical action —etc. 

With Speed-Trol you get the maximum in 
production, plant efficiency, quality and profit 












MOTORS 


Bulletin No. 200A. Offices and distributors in all principal cities 
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Noise Free 
A.C. Power! 





NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 


VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 


@ Furnishes 1.4 KVA of distortion-free 
power 


@ Electronically regulates 115 V out- 
put to +1% 

@ Recovery time less than 1/50 cycle 

@ Provides additional 4 KVA of +1% 
electromechanically regulated 
power 


@ Electromechanical time constant 
only 0.6 seconds 

@ Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency noise appearing in 
115 V., 60 cps power sources. In one 
compact package, every laboratory 
can now obtain both 


1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c. computer system null- 
ing operations. Many other applica- 
tions. 230 V. model also available. 
Immediate delivery. $1,689 f.o.b. 
Carlstadt, N. J. Write for details. 


Component & Instrument ae 


ELECTRONICS DIVISION 


AE Te 


CORPORATION + CARLSTADT, N 
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Literature for the Design Engineer 


Digest of manufacturers’ new literature relating to compo- 
nents and materials for designed-in use in electrically oper- 


ated end products. 


Checked as to date and previous 


publication in ELECTRICAL MANUFACTURING. 





MULTI-PURPOSE FASTENERS—-Sixteen- 
page, illustrated brochure describes 
moisture-proof, vibration-damping fast- 
eners and mountings. The information 
provided on the elastic, quick-release 
fasteners covers their strength, sealing, 
and damping characteristics. Applica- 
tions include instrument mounting, and 
panel and plate fastening of metal, 
plastics and glass components. Vibrex 
Fastener Corp. 
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SELENIUM RECTIFIER DESIGN GUIDE 


‘Federal Selenium Rec- 
tifier Design Data Guide” discusses fac- 
tors that should be considered in the 
design of industrial and military rec- 
tifiers under three heads: operating 
data, construction data, and _ rectifier 
end use. 


—Twelve-page 


Included is a questionnaire 
which may be returned to manufacturer 
for full evaluation of any specific de- 
sign. Data are also provided on avail- 
able industrial rectifier products. Com- 
ponents Div., Federal Telephone and 


Radio Co. 
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MODULIZED STANDARD CIRCUITS— 
Described in an illustrated brochure 
are modulized standard circuits, origi- 
nally developed under the code name 
Project Tinkertoy by the National 
Bureau of Standards, under the spon- 
sorship of the Navy Bureau of Aero- 
nautics. Through the use of modulized 
standard breadboards. 
measurements may be made and the 
logic of 

quiring a 


circuits and 


system checked without re- 
substantial investment in 
design time. Data are provided on such 
standard circuits as a low-level cathode 
follower, a cascade intermediate video 
amplifier, and circuits used to supply 
a steady 300 volt d-c source. 


Corp., Module Div. 
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FLUOROCARBON OILS, WAXES AND 
GREASES—Sixteen-page booklet points 
out the chemical structure, specifica- 
tions, properties, applications and gen- 
eral description of a new group of 


fluorocarbon oils. waxes and greases 


for industrial use. These polymer prod- 
ucts are said to exhibit outstanding 
resistance to chemical attack and other 
corrosive conditions, as well as to 
temperature extremes, and emulsion 
and physical breakdown. Chemical 
Manufacturing Div., The M. W. Kel- 
logg Co. 
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PRECISION SWITCHES AND CON. 
TROLS—Complete with selection data 
and a glossary, 22-page catalog No. 12 
illustrates and describes available basic 
switches (including subminiature mod- 
els). actuators for basic switches, in- 
dustrial switches and aircraft models. 
Typical models available are safety, 
limit. and splash-proof limit switches 
for industrial applications. Also avail- 
able are hermetically sealed models 
for both industrial and aircraft equip- 
ment. Electro-Snap Switch & Manufac- 
turing Co. 
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COMPONENT DEVELOPMENT; PRO- 
DUCTION FACILITIES—Pictorially re- 
viewed in a 32-page publication are 
facilities for the design, development 
and mass production of complex de- 
Picture-cap- 
cover precision gear train 
assemblies, small screws and threaded 
parts, 
devices. 


vices to close tolerances. 
tion stories 


and electromechancial 
Available metal services in- 
clude melting. rolling. heat-treating, 
slitting and forming, as well as facili- 
ties for producing extra-thin _ strip. 
Allied Products Div., Hamilton Watch 
Co. 
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LINEAR VARIABLE DIFFERENTIAL 
TRANSFORMERS — Twenty-page engi- 
neering bulletin discusses linear vati- 
able differential transformers, which 
are electromechanical transducers pro 
ducing an electrical output propor 
tional to the displacement of a separate 
movable core. Text and_ illustrations 
points out its principles of operation 
and the characteristics making it suit- 
able for the measurement of force, 
weight, pressure and acceleration, pal 
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they thought this die casting 


couldn’t be made .--« 


@ But Stewart turned out over 12,000 a week! 


This helical gear is one example of an old habit at Stewart Die 
Casting —‘“‘finding a way.” In 45 years, we have produced many 
castings that “couldn’t be made.” Whatever type of die castings 
you need—small or large, simple or intricate—count on Stewart 


to meet your most rigid specifications . . . on time. 


SERVICES AVAILABLE 


Designing ¢ Engineering * Die Making 
Metallurgical Control « Most Modern Die Casting Equipment * Complete 
Machining, Polishing and Assembly Facilities. 

45 years of helping industry to “Make It Better” 


pee a 


DIE CASTING ...a division of 
Z WARNER, 


CHICAGO, ILLINOIS, 4535 FULLERTON AVENUE © BRIDGEPORT, CONNECTICUT, 275 WARREN STREET 
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CP! -PLUGSTATS pro 
vide precise thermal 
warning without cali 
bration drift. Small 
physical size has been 
combined with rug- 
ged construction 
Special al! 
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ISS \« 


loy contacts 
ee 

and-break. Capaodie 
of 200°F overshoot 
from high or low nor- 
mal setting. Available 
also with AN connec- 
tor. Rated at % am- 
pere, 28 volts, AC or 
DC resistive loads. 
Contacts NO or NC 
Weight approx.!.50z. 


i 


PRODUCTS 
Inc 


306A,SUSSEX STREET 
HARRISON, NEW JERSEY 


| ticularly in methods depending on q 


comparison of deflection in an elastic 
member against a scale. Schaevitz Fn. 


| gineering. 
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| WIREWOUND RESISTORS—Described 


in Bulletin B-2a is a flat wirewound 


| resistor strip, enclosed by high-pressure 


molding in a special plastics compound. 


| The resistor may be operated at its 


full (on plate) rating, whether en. 
closed or not, without exceeding its 
rated temperature rise of 100 C. Rapid 
heat dissipation is obtained by means 
of a special mounting bracket trans- 
ferring heat directly to the chassis, In- 
ternational Resistance Co. 
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| MOTOR APPLICATIONS NEWS—Re. 
| cently issued company publication, pub- 


lished abroad but available from U.S. 
source, is devoted to industrial applica- 
tions of electric motor drives. Lead 


| article is an analysis of basic torque- 
| speed relations in the application of 
| motors to industrial machinery. ACEC 
| Electric Corp. 
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TEST EQUIPMENT—Typical of the test 
equipment for electrical and electronic 


equipment described in Catalog R-36-A 


are the listings of clamp volt-ammeters, 
volt-ohm milliammeters, as well as of 
such instruments as an industrial cir- 
cuit tester and an a-c industrial ana- 
lyzer. An all-purpose oscilloscope, a 


self-contained vacuum tube voltmeter. 


and a calibrator and sweep generator 
are also available. Weston Electrical 


| Instrument Corp. 
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HEAVY-DUTY CONTROL RELAYS— 
Line of sectional-pole heavy-duty 10- 


| amp control relays, available in models 
| with from 2 to 10 poles, are described 


in an 8-page illustrated bulletin. Poles 


| are individual units that can be removed 
| without disturbing other poles or wir- 


ing. Each pole has its own individual 


| arcing chamber, separated from other 
| poles by a melamine barrier. Clark 
| Controller Co. 
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| FLEXIBLE SHAFTS -AND COUPLINGS— 
| Complete with useful design data, Cata- 


log 5694 provides specifications on 24 
different flexible shafts ranging in siz 


| from % to % in. Listed are 29 differ- 
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Nore all diameters and lengths are identical. Photo twice actual size. 


ow do you want your 10-watt resistors? 


Here are a few of the variations you can 
“tin basic design, terminals and mountings 

a standard 10-watt Vitrohm resistor. 

It's this tremendous variety (we make a 
der range of resistors than anybody else) 
at enables Vitrohm resistors to do so many 
0s so well — and save you installation costs 
‘the same time. 

Add to this Ward Leonard’s performance 
tandards —insured by the 19 separate 


inspection tests we run on every single 
resistor we make — and you see why you 
get more resistor for your money in a 
Vitrohm. 

Prompt delivery, too, by the way. 

Our engineers will be glad to show you 
which Vitrohm design best meets your spe- 
cific needs. A line or call to Ward Leonard 
Electric Company, 34 South Street, Mount 
Vernon, N.Y. is all it takes. 5.4 
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ent flexible shaft casings. Illustrated are 


; A over 30 standard flexible shaft couplings 
Plain Enamel and assemblies, and over 100 compo- 
ee nents, including terminal fittings, cas. 


es ing ferrules and nuts. Kupfrian Manu. 
in designing coils ° 





facturing Corp. 


Circle No. 132, Reader Inquiry Service Cards 


Celenamel preceding back cover 


tricky. The 


fesigning that Thermaleze 


VIBRATION MEASUREMENT MANUAL 
Alkanex —Consisting of 64-pagés, ‘Measure. 
ment of Vibration” defines vibration 
terms and describes vibration-measur.- 
ing instruments, procedures, and appli- 
cations. Topics discussed include the 
Sodereze Q evaluation of readings and measure- 
ments obtained and human response to 


mechanical vibration. General Radio 
Bondeze e 


Silicone 


Circle No. 133, Reader Inquiry Service Cards 
eee Coated preceding back cover 


Nylon 

SPECIAL PHENOLIC MOLDING COm. 
POUND—Grade 13856 Black is a one- 
step flock-filled material specially de- 


signed for molded parts in contact with 
? n C e water, especially where the water is on 


the inside. such as valves, pump hous- 

WwW ° ings and meter housings. Other applica- 
1300 FIRST STREET abash, Indiana tions include water pump _ impellers, 
washing machine agitators, dishwasher 
fittings and air conditioning _ parts. 
Illustrated brochure provides complete 















data. Durez Plastics Div., Hooker Elec- 
PILOT LIGHTS / trochemical Co. 
Chese NY // Circle No. 134, Seater Daatiey Service Cards 
gwe you = - preceding back cover 
I 
180° VISIBILITY — : 
’ 
ss CAM FEED DRILL UNITS—Features of , 
for the most effective indication \ SI an automatic cam feed drill unit in- ' 
P = yr clude a new type multiple disk electric ; 
cluth to engage and disengage the feed 
BUILT-IN RESISTORS train from the spindle drive, permitting : 
shorter and faster cycles. Units are de- 
(a patented Dialco feature) | 


signed for use with multiple headers 
as well as single spindle equipment. | 
Two-page data bulletin lists specifica- 

tions of the unit, which is said to con- | 
form to JIC standards. Machine Tool 

Div.. The Hartford Special Machinery 

Cee ek ere Pare Co. 


Every assembly is available complete with lamp. Tra) mee Ct ——_e 
SAMPLES ON REQUEST AT ONCE — NO CHARGE 


for operation on 105-125V. or 210-250V. 


The required RESISTOR is an integral part of 
the unit — BUILT IN (Pat. No. 2,421,321). 


Also, simple external resistors for all higher voltages. 


Choice of fluted or clear 
caps; binding screws or 


FREE Brochure on “Selection and PTT Cet elle 

Application of Pilot Lights Peer Pe Pe Pe Yale PHOTOELECTRIC PYROMETER — oi? 
. 7 : sa os " - ace é > 2asure > t an 

Also write for our latest Catalogues. and 11/16” mounting igned lor accurate me asuremen 
all lla automatic control of high temperatures, 
photoelectric pyrometer Type P2P, de- 
scribed in Bulletin PT556, operates 
over a range from 1000 to 5000 F. It 





Foremost Manufacturer of Pilot Lights 


DIALIGHT 






we iF gi will respond to temperature changes 
Aaah EE indicating thie change of 8 
So C re) °y P re) °y r\ T ’ re) N of o F, indi ating this change 

IPE 


PLANT AT 


meter and providing relay action to 
BROOKLYN, N.Y. 


give a signal or to control heating de- 


-~ ~ 60 STEWART AVE., BROOKLYN 37, N. Y. © HYACINTH 7-7600 
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This wringer-type Maytag washer has 24 die-cast parts. 


Maytag uses 15 to 20 million 
die cast parts per year! 


Having produced over 9 million wash- 
ing machines, no one knows better than 
Maytag Co. the importance of maintain- 
ing quality while meeting high produc- 
tion schedules. Die c: stings hav e helped 
solve the problem — at economical unit 
costs — by providing unlimited qualities 
of identical component parts. At the 
same time, aluminum and zinc die-cast- 
ings have met the critical demands of 
functional applications. Examples of 
Maytag requirements. die castings must 
be (1) oil and water tight for gear cases 
and housings (2) true to dimension for 
line assembly with mating parts and (3) 
free and clear of external surface flaws. 


While Maytag is a large user, those with 
lower requirements may enjoy similar 


PRECISION CASTINGS CO., INC. 


economies and advantages. Let our crea- 
tive design engineers look at your func- 
tional or decorative part needs, at no 
obligation of course. 


“Die-Castings Un- 
Precision Castings 
199 Walnut Street, 


For a copy of: 
limited.” Address: 
Company, Inc., 

Fayetteville, N. Y. 
















1 corrpor ation 


FAYETTEVILLE, N. Y.—SYRACUSE, N. Y.— CORTLAND, N. Y.—NEW YORK, N. Y. 
CLEVELAND, OHIO—KALAMAZOO, MICH. 


CHICAGO, ILL. — 


A SUBSIDIARY OF Harrisburg Steel @ 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Uniformity - - Less Machining - - - 
Corrosion Resistance - - Close Tolerances 


Wringer parts include: | gear case, cap and clutch aii: 


sai 


Reasons Why 








jae oondines this washer cover is now 


an aluminum die-casting. 


Switched to 
die castings 
from sand castings 


Many of the die-cast parts in 
the Maytag automatic and 
wringer-type washer were 
formerly sandcast. Less ma- 
chining, better surface quality, 
reduced finishing time are 
reasons for the changeover. 
Precision is one of the major 
die-casting suppliers to May- 
tag...and has been since 1938. 
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vices. No physical contact is made with 
the hot object. Plug-in chassis design 
and other construction features 


are 
described. Photoswitch Div., Electronics 


SPECIFY GENERAL INDUSTRIES | Corporation of America. 


Circle No. 136, Reader Inquiry Service Cards 
preceding back cover 


A Ve FORMABLE REINFORCED PLASTICS 
SHEETING — Twenty-page reference 
4g. manual describes the advantages. appli- 
MOTORS | cations and procedures for using Scotch- 
ply reinforced plastic, an uncured (or 
unhardened) moldable sheet stock of 
laminated plastics reinforced with fila- 
ments of glass. The material, when 
processed and hardened, gives equal 
high strength in all directions in the 
laminating plane. Detailed charts list 
mechanical, electrical, chemical resis. 
tance and thermal properties. Minne- 
sota Mining and Manufacturing Co. 


_.. America’s Leading Manufacturers Do! 


RELY ON GI's 


COUNT ON GI 


Circle No. 137, Reader Inquiry Service Cards 
preceding back cover 


DEPEND ON GI 


A-C MOBILE POWER SUPPLY—Ep.- 
titled “Now . . . A-C Power Goes 
Anywhere a Vehicle Can Go,” 8-page 
illustrated brochure describes a new 
mobile a-c power unit, the Mo-Bil-Ac, 
consisting of two units—an alternator 
and a regulator—that can be easily 
| incorporated into OEM designs. The 
ie power supply provides a means of tak- 
sda keaaded ct Sask aaa pole AC — alternating ee of standard 
AC Induction Type Induction Type voltages and frequencies at capacities 
up to 10 kw. Applications include 
portable lathes. farm equipment and 
vehicles. Star-Kimble Motor Div. 
Miehle Printing Press & Manufacturing 
Co. 


Circle No. 138, Reader Inquiry Service Cards 
preceding back cover 
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NEW MODE Ee 


4-pole, shoded pole AC 2-pole, shaded pole AC 
Induction Type induction Type MIDGET RELAY—New two-pole double- 
throw Micro-miniature relay is 0.350 x 
0.785 in. in size. The hermetically 
sealed unit can withstand a shock of 
over 50 g, and 10-55 cps vibration at 
0.12 in. max excursion. It weighs ap- 
proximately 0.35 oz. Relay offers 2 amp 
"a MODEL D resistive load at 30 volts d-c or 115 

ee © Spit dial: ated ode | volts a-c. Other features and complete 
a ating hy ro AC Induction Type specifications are provided in 4-page 
| bulletin GEA-6346. Specialty Control 
| Dept., General Electric Co. 
Write for complete specifications 


Circle No. 139, Reader Inquiry Service Cards 


and quantity price quotations! preceding back cover 


) PUSHBUTTON ACTUATO RS—Data 
2-pole Capacitor Reversi- sheet P99 describes pushbutton actua- 
“ a a ” tors for electrical computers and other 
yah types of commercial and industrial de- 


oe vices requiring panel-mounted, manu- 
THEGENERAL INDUSTRIES co. 


ally operated switches. The actuators. 
| designated Series 4MA and 5MA, are 
DEPARTMENT GL ® ELYRIA, OHIO 





266 DECEMBER 1955 ELECTRICAL MANUFACTURING 





oh 


—_ 


a versatile new line of reducers 






@ 


SPEED REDUCERS 


’ —S 


: ® 
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Now, designers can take advantage of the unique double-enveloping worm 
gear design of Cone-Drive gears in shaft mounted speed reducers. The right 
angle between input and output shafts offers many application and space- 
saving advantages over conventional gearing. The reducers are mounted 
directly on the driven shaft and require only a simple bracket or torque arm 
to prevent rotation of the reducer. 


The new reducers can be readily motorized, if desired. A bell housing is 
available to accommodate standard NEMA C-type flanged motors. Expensive: 
couplings are not required since a tang-type drive sleeve and suitably 
machined worm are provided with the bell housing to match the motor shaft 
being used. | 


ne i ee oe 


Standard reduction ratios range from 5:1] to 60:1. When the motor is con- 
nected to the input shaft by means of vee-belts or pulleys, additional speed 
reduction can be easily obtained. Bore sizes are available to accommodate 
shafts from 1” to 22” in steps of 6”. All sizes are available from stock. 


Oo Oo WVIw & 


ae 


Complete engineering details are available in 
Bulletin CD-323. It’s free for the asking. 





ae en | 


7171 E. MeNichols Road « Detroit 12, Michigan 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 


NG 47 
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NEW Acro Hi-G CQuarAcron Switch 





You Can Chake It 
and Not Break It! 


.-- Break The Current, That Is! 


Even at 15 G's from 0 to 500 cps 
No flutter on contact traverse at any rate of actuation 


¢ Made to MIL Standards 
® Good Repeatability 
e High Rating at 28 Volts, D.C. 






e Built for Long Life 
Model BMC 10051 


Standard Mount 
In making the Hi-G switch avail- 


able, Acro engineers have solved a 
specific problem for the aircraft and 
machine tool industries. You can 
use them with confidence wherever 
there is need for a miniature snap 
action pressure or limit switch that 
actuates slowly and is immune to 
vibration. Complete details are given 
in Data Sheet C-1. Write for it today. 


Model BMC 10075 
Panel Mount 


ACRO SWITCH 
DIVISION 







COLUMBUS 16, OHIO 
Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


identical except for the mounting holes, 
each is available with either % or ] 
in. buttons. Micro Switch Div.. of 
Minneapolis-Honeywell Regulator Co, 


Circle No. 140, Reader Inquiry Service Cards 
preceding back cover 


MERCURY SAFETY SWITCHES—Heayy. 
duty mercury safety switches for haz. 
ardous and corrosive atmospheres, as 
well as for general-purpose applica. 
tions, are the subject of Bulletin 800. 
Features include high current inter. 
rupting capacities and minimum space 
requirements. Designed for Class 1, 
Division 2 Group, the switches have 
hermetically sealed mercury-to-mercury 
contacts. Industrial Automation Corp, 


Circle No. 141, Reader Inquiry Service Cards 
preceding back cover 


TITANIUM — Small folder, “Facts 
About Titanium,” contains a list of the 
commonly available titanium alloys and 
their compositions. Data covers forming 
and welding methods, as well as heat- 
treatment and machining. Briefly com- 
pared are the properties of titanium 
with those of stainless and aluminum 
alloy. Arthur D. Little, Inc., Mechani- 
cal Engineering Div. 


Circie No. 142, Reader Inquiry Service Cards 
preceding back cover 


INTERLOCKING WIRING DEVICES— 
Illustrated catalog describes 2-, 3-, and 
4-wire caps, connectors, plug bases, 
motor plugs, and flush receptacles. 
Designated the Hart-Lock line, the in- 
terlocking devices meet Federal speci- 
fications WR-151A. Features described 
include one-piece contact design, op- 
tional back-or-side wiring, and UL ap- 
proval. The Arrow-Hart & Hegeman 
Electric Co. 


Circle No. 143, Reader Inquiry Service Cards 
preceding back cover 


TIME DELAY RELAYS—Four-page bul- 
letin SD-1 contains selection data on 
Agastat time delay relays, which intro- 
duce time delay or combination of 
time delay into an electrical circuit. 
Included is a selection chart providing 
data on operating voltage, type of oper- 
ation, contact arrangement, type of 
contact, method of adjustment, and di- 
mensions and weight of each model. 
Six charts show available mountings 
and enclosures. Elastic Stop Nut Cor- 
poration of America. 


Circle No. 144, Reader Inquiry Service Cards 
preceding back cover 


ENGINEERED CERAMICS—Facilities 
and products of a manufacturer of pre- 
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ROCKBESTOS 


SWITCHBOARD WIRES 





Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Wire — 
Solid or Stranded 





Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Hinge 
Cable — Flexible Stranded 












Rockbestos N.E.C. Type TA Switchboard and Flexible 
Hinge Cable — Solid, Stranded and Flexible Stranded. 


AMER DMMES BE i 8 ia pa eteama 
USE THESE WIRES FOR 


¢ Control Panels for 
Motor Starters 


* Switchboards, 
Switchgear and 


Control Panels ¢ Elevators, Fire Doors, 


€ 
* Radio and Television alae 


: ¢ Hinged connections on 
Transmitters g 


Swinging Meter Panels 


* Motor Driven Rheostats °* Motor Leads etc. 





NEW YORK e¢ CLEVELAND e¢ DETROIT + CHICAGO « 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


@ Service proved for more than 25 years. 


@ Standard for power switchboards, metal 
clad switchgear and control panels. 


Wire dependability and long life into your equipment with Rockbestos 
varnished cambric (N.E.C. Type AVB) or Rockbestos synthetic asbestos 
(N.E.C. Type TA) switchboard wires. You'll find they are easier to 
install, safer and guarantee a better looking, longer lasting job. 


HERE’S HOW YOU BENEFIT 
EASIER, QUICKER INSTALLATION — Impregnated felted asbestos 
cushions the braid, eliminating cracking. Provides better appearance. 
STRIPS EASILY — with both hand and power stripping equipment. 
TAKES 90° BENDS — No braid cracking or bulging. 
CONTROLLED QUALITY — for uniform diameter, color and performance. 
FIREPROOF — will not ignite, carry or support flame. Passes Underwriters’ 
Laboratories Vertical Flame Test, withstands 900 volts after flame test. 
STANDS HIGH TEMPERATURES — Rated at 90°C. (194°F.) by N.E.C. 
MOISTURE RESISTANT — minimum breakdowns after one hour in water: 
15 KV for Type AVB and 12.5 KV for Type TA. 
HIGH DIELECTRIC STRENGTH — minimum breakdown voltages: for Type 
AVB 20 KV, for Type TA 15 KV. 


ROCKBESTOS éorrcration 
NEW HAVEN 4, CONNECTICUT 


PITTSBURGH « ST. LOUIS * LOS ANGELES »* NEW ORLEANS ¢ OAKLAND, CALIFORNIA 
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“TEM P.GUARD™ Thermostats 





Engineered for 
Component Density 


Where space and weight economy is a must as in 
motors, automation, automotive, appliances, indus- 
trial electrical instruments, heating and ventilating 
controls, fire alarms, medical sterilizers, and other 
numerous fields, Dales ‘‘Temp-Guard” controls will 
mect the most exacting requirements. They provide 
compactness, extremely fast action, high reliability, 


and maximum simplicity of application without 


redesigning of your product. They are powerful in 


cision porcelain products are described 
in an 8-page Bulletin 955. Stressing 
quality control maintained and produc. 
tion facilities and equipment available, 
the bulletin describes a prototype sery. 
ice and the availability of a bonded 
metal-to-ceramic coating presenting 
surface to which a metal part or other 
metalized ceramic parts may be soft or 
hard soldered without special prepara. 
tion. Frenchtown Porcelain Co. 


Circle No. 145, Reader Inquiry Service Cards 
preceding back cover 


STOCK MOLDS—Savings made possible 
by use of fabricator’s stock molds for 
plastics handles, knobs, and electrical 
appliance parts are pointed out in an 
illustrated 44-page catalog, giving full 


| descriptions of such commonly used 
| parts as knobs, lever handles, connector 
plugs. and appliance handles. Ameri- 
can Insulator Corp. 


proportion to their miniature size. 








Circle No. 146, Reader Inquiry Service Cords 
preceding back cover 


OSCILLOGRAPHIC RECORDING EQUIP- 
MENT—AIl 150 Series oscillographic 
recording systems, components and as- 
sociated equipment are described in a 
16-page illustrated catalog. Data are 
provided on basic 150 systems in 1, 2, 
| 4, 6 and 8-channel models, as well as 
on the 11] currently available plug-in 
preamplifiers. Sanborn Co., Industrial 
Div. 
Circle No. 147, Reader Inquiry Service Cards 
preceding back cover 





NYLON CABLE CLIPS—Form stability 
at high temperatures, abrasion-resis- 
tance, and strength in thin sections are 
among the features of NyGrip cable 
clips. They possess the inherent proper- 
ties of FM-10001 and are available in 
various types and sizes. Weckesser Co. 


Circle No. 148, Reader Inquiry Service Cards 
preceding back cover 


‘“Temp-Guard" thermostats are illustrated at 
actual size. Each series is available for fast 
cycling with a +-1 differential, or for slow cycling 
with a +3 differential. Load applications can 
vary up to 10 Amps according to model. Normal 
tolerance of + 5°F can be reduced to + 2°F on 
request. All parts of ‘‘Temp-Guard"’ thermostats 


are constructed of corrosion-resistant materials. 





HEAT CONTROLS IN AUTOMATION ... APPLIANCE... MOTOR PROTECTORS... 


e. | CLIPS AND INSULATORS—Revised 8- 
Get Dales’ 


tage catalog describes complete line 
New ‘'Temp-Guard Pn = I 





2 







- 


0 


Grnanklin Dales Ca. 


Engineering Data Brochure — 


Just off the presses! 





*Patent Pending UL Approved models up to 150°C 


Special models up to 750 Fe 


“Temp-Guard”’ 


THERMOSTATS 
180-184 East Mill Street, Akron, Ohio 





| of electrical and electronic clips and 


insulators, covering newly introduced 
types including miniaturized and spe- 
cial insulated clips. Mueller Electric 
Co. 


Circle No. 149, Reader Inquiry Service Cards 
preceding back cover 


COATING RESINS FOR BAKING EN- 
AMEL SYSTEMS—Complete properties 
and applications of urea and melamine 
coating industrial baking 
enamel systems are given in a 12-page 
pamphlet. Suggested formulations both 


resins for 
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le 
"1 PHENOLIC TYPES— Molded of dense, low- 
: loss thermosetting resin, these forms are ideally 
rf suited for r-f coils, chokes, and other low-loss induc- 
A tors. Axial lead types have end notches. Hairpin lead £.005 +002 4 ace +005 +002 +.005 
i types isolate delicate windings from stress. w~ 093 095 Po .093 ic 
. MEN | Gali 
OD ETT Relpeoo2| “Xela tele 
IRON TYPES—Designed for audio chokes, =| [093 
“Hash” chokes, r-f chokes, and similar uses. Molded — VIEWS END VIEWS END VIEWS 
of high-resistance powdered iron in standard Grades ype DR-280-3 yee Seen Type DR-260-5 
GIF and Z25. Other grades on special order. 
P. . 
‘ic PHENOLIC-with-IRON INSERT TYPES 
. —Real space-savers for high-Q coils having several 
. windings or multiple tapped windings. An iron core 
ne center section firmly molded to phenolic end sections 
9. combines the high-Q of iron types with the high Types DR-125, 156, 187, 200, 218-1, and 280-2 
- insulation resistance of phenolic. 
in n 
al 
TOROIDAL.Q (with negligible coil losses) VS. 
FREQUENCY — Iron Grades GIF and Z25 | 
| 
| 
DIMENSIONS | 
| 
ty TYPE MATERIAL LEADS A (length) B c D E F 
is- ; = ret 
, DR-125 Phenolic © 2-axial © %", 2 125” 028” 035” 014” 935” otc dtbra | 
ie or fron" OL 
ple 


DR156 Phenolic 2-axial  %”, 12” 156” 032” 050" .032” .050” aioe 


: or Iren* 
2 eee 
‘0. a 
DR-200 Resale 2-axial 1%”, 56”, 34” 200” 032” 060” .032” .060” poe ee | AN 
zest tt | NII | 


DR-218-1 Phenolic  2-axial %” 218” .032” 070” .032” .070” 
ae 4 
‘ DR-280-2 Phenolic 2-axial Ye" «280 032" 070" 032" 070” Poms a | ll 
ne DR280-3 Phenolic hairpin = 74" 280” 032" — SB 
nd onan ry rh 
ed DR-280-4 Phenolic on Ie" 280” 032” -—-  —-— — FREQUENCY (CPS) 
De: . ; 
a 2 hairpins 
- other end Specatfyfitored leads resist bend- 
DR-280-5 Phenolic 2 hairpins %" 280” 032" —- —- — ing close to the form—protect 
Phenolic. cach end delicate windings. 2 
= FREE cos OF THIS CHART .. . pro- 
tected by laminated plastic for wall or 
N- *NOTE: All iron available in 
a | grades GIF and 225 as standard. desk use sent on letterhead request. 
ne 


Electronic Components Division 


ge Te CARBON COMPANY, St. Marys, Pa. 


th In Canada: Canadian Stackpole Ltd., 550 Evans Ave., Etobicoke, Toronto 14, Ontario 
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PRECISION 





Solve space and weight problems 
with Continental subminiature 
electrical connectors 


Continental Connectors are pace-setters in 
subminiaturization to meet increasing 
demands for rugged equipment of small 

fr size and weight. Where weight and space are 





Subminiature AN-Type Series 1300 





Subminiature Rectangular Series SM-20 


Contacts are phosphor bronze, gold plated 
over silver for low contact resistance and 
soldering ease. Floating contacts assure posi- 
tive alignment of each contact. .040 diameter 
contacts eliminate assembly difficulties en- 
countered when soldering sub-standard wires. 
Polarizing screwlocks (See photo) and other 
contact arrangements are also available in 
this series. Rating: 5 amps. Contacts take 
#20 AWG wire. 


| 
| 
1 
| 
1 
1 
I 
moisture traps and electrical breakdowns possible with conven- l 
| 
| 
l 
I 
1 
| 
1 


at a premium, in aircraft and 
instrumentation applications, they provide 
excellent precision connection. 


Precision-machined aluminum shells meet military requirements 
for salt-spray test resistance. One-piece molded inserts prevent 


tional AN two-piece inserts. Floating contacts guarantee self- 
alignment of each contact and reduce engagement and disengage- 
ment to a minimum. Inserts are permanently swaged into shell to 
form a single cartridge unit. Current Rating: 7.5 amps. Contacts 
take #20 AWG wire. Two shell sizes are available: one for 3, 4, and 
5 contacts; the second for 15, 19, 27, and 31 contacts. 


Subminiature Rectangular Series G-20 


Ideal for the small spaces. Molding has hole 
for convenient, space-saving side mounting. 
Precision-machined sockets of spring temper 
phosphor bronze and pin contacts of brass 
are gold-plated over silver for lowest contact 
resistance and easy assembly soldering. Con- 
nectors are available in 2, 3, and 4 contacts 
with a variety of pin arrangements, with or 
without hood and cable clamp. 


Technical data on these connectors, and special designs requiring 
the use of subminiature, hermetic seal, pressurized, high voltage, or power connectors, 
are available on request. Write today for complete catalog. 


Electronic Sales Division 


DeJUR-Amsco Corporation, 
45-01 Northern Boulevard, Long Island City 1, N. Y. 
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for alkyd-urea and alkyd-melamine bak. 
ing enamels are included, together with 
charts showing resin cure rates. Barrett 
Div., Allied Chemical & Dye Corp, 


Circle No. 150, Reader Inquiry Service Cards 
preceding back cover 


SURFACE BARRIER TRANSISTOR—F¢,. 
tures, applications and_ specifications 
for Type SB-100 hermetically sealed 
surface barrier transistor are presented 
in Form No. PC6436. The germanium 
transistor is especially useful for fast 
switching and high frequency use. Two 
brochures providing additional engi. 
neering material: “Application Notes 
on the Philco Surface Barrier Transis. 
tor” and “Surface Barrier Tansistor 
Switching Circuits.” Philco Corp., Gov. 
ernment and Industrial Div. 


Circle No. 151, Reader Inquiry Service Cards 
pieceding back cover 


FEMPERATURE CONTROLS—Condensed 
catalog G-20 illustrates and describes 
a line of differential expansion tempera- 
ture controls for electric or pneumatic 
systems with ranges from subzero to 
1800 F. Instruments are suitable either 
for controlling temperatures or for 
high temperature safety alarms and cut- 


| outs. Available are 1-switch and 2 and 





3 switch models. Burling Instrument 


Co. 


Circle No. 152, Reader Inquiry Service Cards 
preceding back cover 


BERYLLIUM COPPER PRODUCT DIREC- 
TORY—Revised edition of the “Berylco 
Product Directory” provides specifica- 
tions for extruded rod and bar stock, 
and announces the availability of seam- 
less beryllium copper tubing in redraw 
sizes and extruded shapes in commer- 
cial qualtities. The 20-page directory 
also provides data on beryllium copper, 
beryllium aluminum and_ beryllium 
nickel alloys; wrought, forged and cast 
beryllium copper alloys; and other al- 
loys and products. The Beryllium Corp. 


Circle No. 153, Reader Inquiry Service Cards 
preceding back cover 


ZINC ALLOY CAP NUTS—Data on rust 


proof zinc-alloy cap nuts are provided 
by a single-page bulletin containing 
dimensional drawings and tables of 
stock sizes for both closed-end and 
open-end types. Fasteners are available 
in plain bright and all commercial 
finishes. Gries Reproducer Corp. 
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AN CONNECTOR WALL CHART—In- 
structions are provided in a wall chart 
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a cost. 


The container in the picture above 
nolds an aircraft heater which is 
chipped in two cartons—one inside 
the other. 

Formerly one kind of tape was 
wed to seal the inner carton, 
‘nother for the outer. Sometimes 
the two tapes were switched—an 
‘pensive error. 

Durable Polyken Waterproof 
Tape now does doth jJobs—at no ex- 
In fact, packaging costs 


oluken 


INDUSTRIAL TAPES 


Polyken Products Department of The Kendall Company 


are reduced, since the cartons are 
sealed more securely and there’s no 
chance of using the wrong tape. 
Polyken Tape also does an extra 
job in the right-hand picture. The 
operator in front is using it to bun- 
dle aluminum door rails. The other 
operator is marking the tape for 
identification. Polyken Tape was 
chosen here for both jobs because 
it’s economical, easy to handle, 
comes off clean—and saves the time 


‘Tapes. 


Name 


City 


eeceeeeveeeeereeeeee eevee ees 
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Street Address 
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and cost of tags. 

The tape requirements for these 
jobs are not the same. Neither are 
the conditions under which they 
are used. To meet the requirements 
for specific jobs, Polyken Tapes 
have controlled strength —the proper 
combination of adhesive and back- 
ing. You get the controlled strength 
needed for your job. It’s done right 
and it’s done without waste. 

Send coupon for full details. 


Polyken, Dept. EM-L 

222 West Adams St., Chicago 6, Illinois 

Please send me physical properties and further 
information on Polyken Controlled Strength 


‘Title 


Zone State __ 


®eeeeeeeeeeeeeee e207 8 








































VHS* RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. ore: | 
0.2 micro- 
omperes, (12,000 (s 
ohms coil) or, 0.1 
millivolts, (5 ohms.) . 





ceil a 


@ The VHS is a balanced 


relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed. 


armature, Alnico magnet type | 


Connections: 9 pin octal style. Dimensions: 1% | 


diameter x 2% long. Weight: 4 ounces. Sensitivity: 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 Mv. to 500 volts, self contained. Higher volts 


or amps with external multipliers. A.C. rectifier | 


types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra- 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 


be permanently dam- t 9 

aged by shocks of o r 
100 G‘s and vibra- S 

tions up to 2,000 cps D~_S} AL P 

at 4 G’s.The most sen- - { a 


sitive relays may close @ | i: 
their contacts under @~ ios 
these conditions. e ; 

Contacts: SPST or 


SPDT, 5-25 Ma. D.c. ( & W3 
Other ratings to 2 ».© 4 
Amp. A.C. A locking ~*~ T G 
coil gives high pres- a 

sure and chatter free > *=°- 

contact under shock | pte, Al Y 
and vibration. . lie/e os 
Prices: $20 - $80. me "| 
Delivery 4 to 6 weeks 

Assembly Products, Inc., 

Chesterland 14, Ohio. Write for explanation of symbole 


AUTOMATIC 
PYROMETER 


SIMPLYTROL 





Cat. No. 4531 0/2500° F 


Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature 
and processes. The Simplytrol is economical 
and reliable with few moving parts. There 
are no vacuum tubes. The regular load relay 
is S.P.D.T. 5 Amps 
relays to 40 Amps. 


in furnaces, ovens, 


Optional heavy duty 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F 
“On & Off’ control for holding the desired 
temperature works on gas, oil or 
heat. 


electric 
Indicating meter-relay is medium high 


pensation. For use with all standard thermo- 
couples. Accuracy 2%. 


“Avuto-Limit’ switch changes Simplytrol from 
cutomatic controller to limit pyrometer for 
safety shut down or warning. Cabinet: 61x 
6%2x9'2 inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more dato 
Assembly Products, Inc., Chesterland 14, Ohio. 


Atomic Exposition, Booth 423, Dec. 10-16, 
Cleveland, Ohio 
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measuring 22 x 27 in. on selecting the 


required AN connector and specifying 
the complete connector assembly. Ad- 
ditional data are provided on contact 
size code, shell dimensions, availability 
check list, and other shell data. 
Deutsch Co. 


Circle No. 155, Reader Inquiry Service Cards 
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DELAY LINES—“Criteria and Test Pro- 
cedures for Delay 
Lines.” a technical paper originally 
presented at the 1955 IRE National 
Convention, discusses general types of 
fixed and variable electromagnetic de- 
lay lines and defines conventional ter- 


Electromagnetic 


minology. Common delay-line distor- 
tions are illustrated, methods for 


correction are analyzed, and test pro- 
cedures and methods for measuring 
linearity and phase shift are described. 
Helipot Corp. 
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preceding back cover 


ELECTRONIC TEST INSTRUMENTS— 
Pictured and described in an 8-page 
catalog are such electronic test instru- 
ments as expanded scale voltmeters, ex- 
panded scale frequency meters and a-c 
d-c voltmeters. Additional listings de- 
scribe high and low resistance bridges. 
a regulated power supply, a-c_volt- 
meters and a wide band amplifier. A 
decade inductor and an audio oscillator 
are among other available instruments. 
Shasta Div. of Beckman Instrument 
Inc . 


Circle No. 157, Reader Inquiry Service Cards 
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| SNAP-ACTION THERMOSTATS — Data 
on Type SA adjustable and non-adjust- | 


able snap-action thermostats, as well as 
on Type SM manual-reset styles, are 
provided in an illustrated 2-page bulle- 
tin describing operating principles and 
specifications on performance, ratings, 
dimensions and construction details. 
Available mounting arrangements are 
discussed and application data 
sented. Manufacturing 
Ine. 


pre- 
Stevens 
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| GLASS-POLYESTER MOLDING COM- 


resistance and has bimetal cold junction com- | 


POUNDS — Four-page de- 


brochure 


oo 


The | 


ca. 


scribes glass polyester molding com- | 


pounds formulated to provide superior 
flexural, impact and tensile strengths, 
as well as heat and arc resistance, and 


| moldability. Also available are techni- 


cal data reports 55-1, 55-2, and 55-3, 
which lists the outstanding characteris- 
tics and the properties of molded parts 
























PRECISION QUALITY P 


components 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 
ALLOYS, KOVAR 









Quality controlled 
throughout production with 

Tungsten hard glass leads produced 

under General Electric Timing Control. 

Each tungsten lead is microspecially 
inspected for flaws. DKE offers highest 

quality and LOW PRICES. Send 
drawings for quotations and let us 

prove the economy of our prices. 


The Engineering 

Company can give you a 
immediate delivery on following 

bases: 50 Watt, 3303B, 412 Indus- i 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia. etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
TUBE BASES 


Tih 


ww’ Ue 


CALL OR WRITE FOR QUOTATIONS 
ON YOUR SPECIFIC REQUIREMENTS 


rue BIGINBETING co 


27 WRIGHT ST., NEWARK 5,N.J. | 
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FORMICA S-52 IS: which means: 





—+ 
smooth, scratch | It will not transfer any surface 
resistant | irregularities 


—— 
t 
—_—_+- 





fla It's free from peaks and valleys 








light weight | One man can lift and handle 

| larger pieces 
dent resistant It's 8 times stronger than hard 
maple 


economical It's much cheaper than metal 


tooling plate 
easy to machine It's easier and cheaper to ma- 
chine than any metal 

corrosion resistant | It will not rust 
ie 

friction resistant | Thin metal sheets can be formed 

| and removed from S-52 dies 
without sticking, splitting or 
| 


tearing 





Light weight of S-52 makes handling easy. 
One man can now lift and carry a plate 
that formerly required 3 or 4 men. 





for better and more economical metal forming 


Formica S-52 laminated plastic is a much more economical form- 
ing material than metal tooling plate, easier and cheaper to 
machine. It’s ideal for aviation and automotive tooling, gauging, 
templates, stretch forming, forming dies, hydro-press forms; 
metal spinning chucks, pattern boards, drill jigs, gluing jigs and 
many other applications. 


The new S-52 is smooth, slick as glass. Forms metal with- 
out transferring surface irregularities. It’s 8 times stronger 
than hard maple in dent resistance. And yet it’s easy to 
machine with conventional metalworking tools. 


Now available in sheet thicknesses up to 3”; widths 24”, 
30”, 36”; lengths 42”, 60”, 72”, 84”, 96”. Sheets 36” x 96” in 
stock for prompt delivery. For further information on how 
you can use 8-52 for better, more economical metal forming, 
write today for free bulletin 604 and data sheet. The Formica 
Co., 4645 Spring Grove Ave., Cincinnati 32, Ohio. 






Yt rtaa tL h 


dd 


Laminated Plastic 


Pays in Performance * Research 


*% Application engineering 


* Fabricating 


*% Customer stock service 


Formica-4 makes Formica Ist 
choice in laminated plastics 
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MOLE ASML: 
a Cle 


Coto-Coil 





Engineering-wise . . . in terms of cores, 
windings, insulation, etc. . . . your Coto-Coil 
is built strictly to specification. But over 
and above specifications we “build in” near- 
ly forty years of experience, unsurpassed 
knowledge of latest methods, and the most 
modern shop practices. 


This extra value saves you costly time, as- 
sures you of highest quality with volume 
output. 


Send your coil problems to COTO-COIL COMPANY. INC. 


63 Pavilion Avenue, Providence 5, Rhode Island 
New York Office: 10 East 43rd St., New York 17, N. Y. 


Cis, 
a* Ce 


Coto< Coils 





of three molding materials. Preforming 
is not required, impact strength is high, 
and arc resistance ranges from 133 to 
186 sec. Plumb Chemical Corp. 
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TEXTURED METALS — Available jp 
over 40 different patterns as well as jn 
tailor-made designs, Rigid-Tex metals 
are said to possess great strength due 
to the 3-dimensional design imparting 
strength in all directions. Other advan. 
tages pointed out in an_ illustrated 
brochure include ease of fabrication, 
good acoustical properties and good 
heat-transfer properties. Rigidized Met. 
als Corp. 


Circle No. 160, Reader Inquiry Service Cards 
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QUICK CONNECT-DISCONNECT Cou- 
PLINGS—Latest edition of a 20-page 
catalog of Quick-Seal quick connect. 
disconnect hose couplings features page- 
size cutaway views of the coupling, 
and describes available coupling sizes, 
types of hose connection, and descrip- 
tions of coupling accessories. Illustrated 
case histories show applications. Tite- 
flex, Inc. 


Circle No. 161, Reader maple Service Cards 
preceding bac® cover 


MINIATURE CONNECTOR—Two-page 
illustrated bulletin describes features 
of the 37-contact Continental connector, 
suitable for airborne electronic equip- 
ment, as well as other equipment. Data 
are provided on electrical and mechan- 
ical ratings, mounting and clearance 
dimensions, and on construction fea- 
tures. Electronic Sales Div., DeJur- 
Amsco Corp. 


Circle No. 162, Reader Inquiry Service Cards 
preceding back cover 


SECURING A PATENT—Booklet entitled 
“Preparing for Patent-Hood,” discusses 
the nature of invention and the various 
steps necessary in processing a patent 
application. Advice is provided on ana- 
lyzing the commercial possibilities of 
an invention and protecting it during 
the development stages, as well as on 
the filing of applications and_ their 
handling in the Patent Office. CGS 
Laboratories, Inc. 
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preceding back cover 


LIMIT SWITCHES—Lever and rotating 
cam-type limit switches are described 
in an 8-page publication, GEA-61314, 
detailing design features, application 
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ting { 
van- ie 
OF automatic 
tion, 
z00d 
Met- i > 
control : 
“s Time Delay Timers 
OU- 
page 
nect- 
age: The more automatic control problems we get, the better we like 
ling, it. For while it's true each automatic control job is a bit different from the 
on rest, the record shows that our 19 years of timer experience has given us 
ST1p- ° ° . ° ° 
a the special knowledge it takes to give you the right answers, and in near- 
Tite- record time. 
If one of our standard timers won't do your job — or one of the 721 com- 

‘ds ° ° - : . 

binations we have thus far developed from our 17 basic units — our engineers 

will go right to work to develop a new combination that's the one for you. 

That's the way we grow — and we like it. 
page We manufacture a complete line of timers in these 4 broad classifications: 
lures 
pa TIME DELAY TIMERS - INTERVAL TIMERS 
Juip- RE-CYCLING TIMERS * RUNNING TIME METERS | 
Data | 
he, And since we maintain large stocks of our 17 basic units, we can assure 
ance you of rapid deliveries — of excellent deliveries even on special orders. So 
fea- whatever your automatic control problem, you have everything to gain by | 
Jur. submitting it to our timer specialists. They'll give you a profitable answer — 
io almost with the speed of automatic control itself. 
| 
itled 
usses , 
rious 
atent 
“ ? 
2s 0 
iring 
is on 
their 
CGS Re-Cycling Timers 
rds < : <> 


Running Time Meters 


a itival) INDUSTRIAL TIMER CORPORATION 





ibed 

a the Pulse Beat of Industry 131 OGDEN STREET, Hee ARK 4, N. J. 
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everything in Fluorocarbons... 


the most complete service in parts and stock 





® United States Gasket Company offers precision 
parts fabricated from duPont TEFLON, Kellogg 
KEL-F, BAKELITE Fluorothene and other plastics. 
U.S.G. facilities provide cold molding and sinter- 
ing techniques, compression molding, extruding 
and injection molding—quality controlled ‘from 
powder to part,’’ to assure uniform electrical, 
chemical and physical characteristics of the 
highest quality. 


U.S.G. also maintains a machine shop specially 
equipped for the precision machining of parts 
from fluorocarbon stock. 


Come to U.S.G. for all your requirements—sheets, 
rods, tubing, tape, cylinders, bars, beading, elec- 
trical spaghetti—as well as custom-molded and 
machined parts. 


Write for Catalog No. 300. 


United States Gasket Company 
CAMDEN 1, NEW JERSEY 


||| FABRICATORS OF FLUOROCARBONS 
|| AND OTHER PLASTICS 


Representatives in principal cities throughout the world 


data. specifications, and book prices 
Types described include lever-operated 
and small oil-tight models, as well as 
double-circuit and slow make-and-break 
lever-type models, Also available are 
rotating cam-type limit switches usefy] 
where reversing operation is to be co. 
ordinated with revolutions of the motor 
shaft or driven equipment. 
Electric Co. 


Circle No. 164, Reader Inquiry Service Cards 
preceding back cover 


General 


MINIATURE PRESSURE TRANSDUCERS 
—Among the miniature pressure trans. 
ducers described in Bulletin MPT-}. 
are pressure transducers for measure. 
ment of absolute pressure, differential 
pressure and gage pressure. Static or 
dynamic pressure is translated into an 
exact electrical analog by means of a 
balanced bridge of unbonded strain 
sensitive resistance wire. Transducers 
are compensated for operation from 

65 to 250 F. Statham Laboratories. 
Inc. 


Circle No. 165, Reader Inquiry Service Cards 
preceding back cover 


PLASTICS AND RESINS REFERENCE 
GUIDE—Revised “1956 Condensed Ref- 
erence File of Bakelite Plastics and 
Resins” summarizes in 12-pages tech- 
nical data on a wide range of spe- 
cial and_ general-purpose _ phenolic, 
vinyl, styrene, polyethylene, fluorothene, 
polyester, silicone and epoxy plastics 
and resins. More than 50 products are 
described. Typical products and uses of 
the materials are shown in 65 photo- 
graphs. Bakelite Co., Div. of Union 
Carbide and Carbon Corp. 


Circle No. 166, Reader Inquiry Service Cards 
preceding back cover 


DEPOSITED CARBON RESISTORS—De- 
posited carbon resistors, described in 
2-page Bulletin 100. are available in 
a range of standard RETMA ohmage 
values and are produced in %40, Mo. %. 
1416 1 and 2-watt sizes. Standard toler- 
ances are 2, 5, and 10 per cent. Resist- 
ors rated up to but not including | 
watt have axial-lead constructions; | 
and 2-watt types have radial-lead con- 
struction. Electroseal Products. Inc. 


Circle No. 167, Reader Inquiry Service Cords 
preceding back cover 


POWDER METAL BRASS ALLOYS—Bu! 
letin DSI contains a description and 4 
property chart for a series of powder 
metal copper-zinc alloys available in 
all the common brass grades. Parts 
fabricated from these brass alloys are 
said to be dimensional and metallur- 
gically stable and not subject to agine 
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another FURNAS “FIRST” 


Furnas Electric again leads the field. Now magnetic motor 
controls are available with Dual Seal coils. Dual Seal 
coils mean longer control life. Why? Because Dual Seal 
molded coils are moisture and fungus resistant, elimi- 
nating the most common cause for coil failure. These 
homogeneous molded coils are dimensionally stable, age 
resistant, will not support combustion and have high di- 
electric strength. Mechanical properties of Dual Seal coils 
eliminate damage due to vibration or impact and are 1m- 
pervious to damage by screwdrivers and other hand 
operated tools. 


Only Furnas magnetic controls are equipped with Dual 


Seal coils. Before you buy, investigate the many advan- 
tages of these controls. Then specify Furnas Electric. 





Ge é Jacts 

Send for your free copy of the 
140 page Furnas Electric catalog 
toda Write Furnas Electric 
Company, 1024 McKee Street, 
Batavia, Iilinois or contact your 
near Furnas Electric Sales 
Rep ntative. 
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@ MOISTURE AND FUNGUS RESISTANT 
@ EXCELLENT HEAT DISSIPATION 

@ DIMENSIONALLY STABLE 

@ MECHANICALLY STRONGER 

@ NON-COMBUSTIBLE 


DUAL VOLTAGE COILS 


le ae 


HIGH VOLTAGE LOW VOLTAGE 


Furnas Electric magnetic controls with exclusive Dual 
Seal dual voltage coils are matched for use with your dual 
voltage motors. Coil changing is now virtually eliminated 
and stocking of coils and starters simplified. For example, 
on 3, 71/4 and 19 horsepower starters, one 220-440 volt 
Furnas Electric coil is used where six are normally re- 
quired. Simple, on-the-job, reconnection of coil leads 
change high to low or low to high voltage as required. 








FURNAS ELECTRIC COMPANY 
BATAVIA, ILLINOIS ats 








WHY... 


has this time delay relay 
aroused such interest? 








@ May be ENERGIZED CONTINUOUSLY . . . does not 
require auxiliary lock-in circuits . . . a load car- 
rier in itself 

@ Snap-AcrTIon contact speed .. . up to DOUBLE- 
PoLe, DouBLE-THROW switching. 

@ Smee HERMETICALLY-SEALED time element .. . 
long life stability. Not subject to aging or fatigue. 

@ Low Cost as a unit; even lower considering sim- 
plified installation. 

@ The Name... Silic-O-Netic Time Delay Relay 


... MEANING: SILICone controlled, magNETIC 
flux variation. 

It’s New ... the Type “A” Silic-O-Netic Relay 
is a vastly improved model. 


STRAIGHT FACTS 


1 


Time Delays . . . from 


(apie Ae elite 
Small size . . . Overall dimensions: 

ye no a 1%,” icine Weight 3 ozs. 
Operation . . . Hydraulic-magnetic principle 


providing positive contact operation, good 
contact pressure 


Write for Bulletin T-5002 


1 Talie lame lslel4i a7 3 amp. at 120 volts, 
AC (Non-inductive load) ...D.P.D.T. 


HEINEMANN 





ELECTRIC COMPANY 
99 Pluin St., Trenton 2, N. J. 
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effects. Yield strength and elongation 
approximate those of wrought brass 
Dixon Sintaloy, Inc. ' 


Circle No. 168, Reader Inquiry Service 
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APPLIANCE SWITCHES—New series of 
plastics encased switches, designed 
especially for use on domestic appli- 
ances are described in Data Sheet 106. 
In addition to small size and high elec. 
trical capacity, switches feature rugged 
construction and provides ease in as. 
sembling auxiliary actuators. The 
switches have slotted switch cases which 
will accept any type of resilient actu. 
ator 0.250 in. wide. Micro Switch Div. 
of Minneapolis-Honeywell Regulator 
Co. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


MOLYBDENUM DISULFIDE LUBRI- 
CANTS—Seventeen types of molyb- 
denum disulfide lubricants are listed 
in 4-page bulletin, No. 103A, discuss- 
ing their usefulness for extreme bearing 
pressures as well as in high, low, and 
normal temperature lubrication applica- 
tions. Five new Molykote molybdenum 
disulfide lubricants are included. The 
Alpha Molykote Corp. 


Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 


SPECIAL SHAPED ALLOY WIRE—Tech- 
nical Bulletin T-2 discusses the advan- 
tages of drawn-to-shape alloy wire, 
available materials sizes, and _ limita- 
tions. Illustrations show typical shapes 
being drawn in production quantities. 
They include ovals, half ovals, wedges, 
triangles, squares, hexagons, D-shapes, 
keystones and others. Charts and illus- 
trations are included. Alloy Metal Wire 
Div., H. K. Porter Co., Inc. 


Circle No. 171, Reader Inquiry Service Cards 
preceding back cover 


VARIABLE SPEED DRIVES—Line of 
variable speed drives in Size I and II 
are available in the 14 to 1% hp 
range. Features pointed out in Bulletin 
$580-5-55 include stepless instant start- 
ing. 50:1 speed range with good regula- 
tion, and elimination of electronic 
components requiring warm-up. Revers- 
ability, dynamic braking, local or re- 
mote control may be specified. Magnetic 
Amplifiers, Inc. 


Circle No. 172, Reader Inquiry Service Cards 
preceding back cover 


STAINLESS STEEL FASTENINGS—Sixty- 
six-page catalog . presents in tabular 
form data on machine screws, hexagon 
head cap screws and socket head cap 
screws, as well as on square head bolts 
and nuts. Additional tables provide in- 
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This Anaconda laboratory worker conducts one of thousands of tests on soldering through enamel films. 


The answer to your soldering problem 
may be here — at Anaconda! 


00d solder joints demand good 
dering practices. | 

Good practices depend on facts— 
dout proper pot temperatures, 


mes, solders and fluxes. 


These facts — up to now — have 
een scarce. 

\ccumulating the necessary infor- 
ation has been too costly and am- 
tious a project for most magnet 
‘re users. 


As part of a broad program to im- 


prove service to customers, a new 
soldering center was set up some 
time ago at Anaconda’s new devel- 
opment laboratory. After months of 
testing, the facts—accurate, reliable 
—are beginning to come in. 

Thousands of individual tests 
have been run—with many different 
kinds of pots, solders and fluxes, and 
a wide range of temperatures and 
immersion times. Careful data has 
been kept on every test. 
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If you have a soldering problem, 
perhaps we can solve it for you out 
of the experience of the many lab- 
oratory tests and experiments we 
have already made. Ask your Ana- 
conda Salesman, or write Anaconda 
Wire & Cable Company, 25 Broad- 
way, New York 4, N. Y. 4428 


ANACONDA 


MAGNET WIRE 


aE! 
ene 








completely assembled 
Le is 


f 







Controls for Electronic, 
- -= Refrigeration, In- 
dustrial, Appliance, 


ESSEX WIRE CORPORATION Communication and 


Logansport, Indiana Automotive Industries 
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formation on size, quantity, and net 
price of such fasteners as wing nuts- 
flat and lock washers; taper, dowel and 
cotter pins; and all-nylon fasteners, 
Anti-Corrosive Metal Products Co., Ine. 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


DEPOSITED CARBON RESISTORS —})-. 
posited carbon resistors, available jp 
three sizes (4, 1 and 2 watts), are 
described in Bulletin B-4a. Character. 
istics of the units have been designed 
to meet ASESA specification MIL-R. 
1059A. Applications include critical 
computer circuits and similar applica. 
tions where stability for long periods 
of time is important. International Re- 
sistance Co. 


Circle No. 174, Reader Inquiry Service Cards 
preceding back cover 


SOLENOID FOUR-WAY VALVE—New 
four-way dual and single solenoid valve 
described in Technical Bulletin V5003 
is designed for the control of double- 
acting pneumatic or hydraulic cylin- 
ders. Fast acting—up to 850 cpm—the 
valve will perform in air, hydraulic 
fluids and other media at from 10 to 
500 psi. Flow diagrams of both valves 
are shown. Dimensions and list prices 
are given. Automatic Switch Co. 


Circle No. 175, Reader Inquiry Service Cords 
Preceding Back Cover 


AXIAL - LEAD VITREOUS - ENAMELED 
RESISTORS—Two-page bulletin, No. 
147, gives specifications and features 
of a new line of small wirewound 
vibreous-enameled resistors with axial 
leads. The two sizes described, rated 
at 5 and 10 watts, are carried in stock 
in wide range of resistance values. Re- 
sistors are simple to mount by their 
tinned wire leads. Ohmite Manufactur- 
ing Co. 


Circle No. 176, Reader Inquiry Service Cords 
Preceding Back Cover 


TWO-WAY SOLENOID VALVES—Ad- 
vantages of general-purpose two-way 
solenoid valves pointed out in Bulletin 
8210A-8211A include corrosion resis 
tance of all parts in contact with fluid: 
a special slotted y-type disk that pro 
vides tight seating and cushion-closing 
on liquids; and heavy-duty body and 
operating parts. -UL-approved. valves 
are available in sizes from 14 to 3 
in. Automatic Switch Co. 


Circle No. 177, Reader Inquiry Service Cards 
Preceding Back Cover 
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~. In practically all testing, processing, and conveying equipment 
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LR. common to industry, Dynamatic eddy-current rotating equip- 
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1; ment is solving a wide range of adjustable speed drive problems, 
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riods particularly where an AC power source is a requirement. 
| Re- 
- Advantages include rapid response, stepless adjustable speed 
control, wide speed range, quiet operation, low power loss, low 
maintenance cost, adjustable speed from an AC power source. . 
-New Send for Bulletin GB2, which describes and illustrates the basic : 
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500): Dynamatic eddy-current units, including couplings, brakes | 
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WISH I HAD ORDERED 
FROM GARRETT 


They never let you down on deliver- 
ies when you have to keep produc- 
tion going full speed. 

You get what you order when you 
order it . . . from Garrett. No waiting 
for late shipments. You can't beat 
Garrett service. No worries about 
Garrett . quality. Every Garrett 
washer, hose clamp, stamping or as- 
sembly is right up to the peak of 
quality. High quality is assured by 
Garrett's “statistical quality control” 
system. 

Next time no more headaches for 
me. I'll order from Garrett. Why don't 
you do the same when you need... 


LOCK WASHERS 

FLAT WASHERS 

HOSE CLAMPS 
STA MPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


OF PHILADELPHIA 


Associations 


Engineers Joint Council To 
Convene in January 

The problems of utilizing engineer- 
ing manpower, the growth pattern of 
the engineer, and the’ engineering 
aspects of the Hoover Commission re- 
ports, are major features of a program 
planned for the second annual General 
Assembly of Engineers Joint Council 
to be held Thursday and Friday, Jan. 
26-27 at the Hotel Statler, New York 
City. 

First day of the two-day conference 
will be devoted to a discussion of the 
use of scientific and engineering man- 
power with respect to selective service, 
the Office of Defense Mobilization, edu- 
cation and Industry. Representatives of 
government and industry are included 
in the panelists, who will cover most 
phases of engineering manpower use- 
fulness. 

The second day’s meeting includes 
discussions by speakers and panels 
from education and industry on prob- 
lems of engineering education, employ- 
ers’ responsibilities toward the engineer- 
ing and the engineer’s place in research 
and development, with a special look 
at nuclear power. 

Morning and afternoon sessions will 
be held each day beginning at 10 AM 
and 2 PM respectively. There will be 
luncheon speakers each day and a clos- 
ing dinner on Friday, Jan. 27. 

Plastics Engineers to Hold Twelfth 
Annual Technical Conference 

The Society of Plastics Engineers 
will hold its 1956 Conference at the 
Hotel Statler, Cleveland, Jan. 18-20. 
Under discussion will be the new poly- 
mers, compression and injection mold- 
ing, developments in equipment, and 
related topics. Plastics experts from 
abroad are expected to be in attend- 
ance. 


AIEE To Hold 95 Sessions and 
Symposiums at Winter Meeting 


More than 5000 engineers are ex- 
pected to attend the 1956 Winter Gen- 
eral Meeting of the American Institute 
of Electrical Engineers, which will be 
held in New York at the Statler Hotel, 
Jan. 30-Feb. 3. Plans call for the pre- 
sentation of 380 papers in a technical 
program consisting of 95 sessions and 
symposiums. 

Most of the 48 technical committees 
of the Institute are expected to make 
contributions to the sessions, in which 


developments in electrical engineer. 
ing and the allied arts will be pre. 
sented. 

A. J. Cooper, manager, Empire Re. 
gion, Allis Chalmers Manufacturing 
Co., has been named chairman of the 


committee arranging the Meeting, 


RETMA Membership Services 
Detailed in New Publication 

Membership services and _ activities 
ef the Radio - Electronics - Television 
Manufacturers Association are ex. 
plained in a new booklet, “RETMA 
Membership Services and Activities,” 
recently issued by the Association. 

Within the seven chapters of the 
booklet are outlined the various fune- 
tions of the organization and a number 
of its accomplishments. Chapters also 
summarize the growth of the Associa- 
tion in line with industry requirements 
and explain the procedure by which 
a company may become a RETMA 
member. 

Functions of product groups within 
RETMA are explained in the publica- 
tion, as well as committee activities 
carried on by volunteers from industry. 


ASHAE Steps Up Research 

A research budget of $223,825 for 
the fiscal year beginning Nov. 1, 1955 
was approved by the Council of the 
American Society of Heating and Air- 
Conditioning Engineers at its Fall meet- 
ing. This sum represents a 10 per cent 
increase over current research appro- 
priations. 

The program is under the direction 
of Elmer R. Kaiser, director of re- 
search, ASHAE Research Laboratory, 
Cleveland, Ohio. Seventeen current re- 
search projects will be continued; it is 
also expected that other programs will 
be organized during the year to con- 
tinue work on insulation and_ allied 
subjects. 

Eleven research projects will be con- 
ducted through contract arrangement 
with cooperating institutions, with ad- 
ditional projects to be conducted by 
the ASHAE Research Laboratory staff 
researchers. 


Electronic Components Symposium 
Scheduled May 1-3 in Washington 

A sixth government-industry technical 
conference designed to promote con- 
tinued improvement in the quality of 
electronic components and to dissemr- 
nate data on new production techniques 
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__ aaceptional ruggedness and long life in years of service. 
tion Now, three popular stock models—DOS, DO, and 
re- CRU, in 61 different types—are available from stock. 
—— Models DO and DOS fill many industrial 
is needs for a compact, lightweight relay that handles 
power loads usually requiring much larger, 
heavier units. They are particularly adaptable to 
aircraft and mobile equipment where severe shock 
and vibration are encountered. At 115 VAC or 

32 VDC, noninductive load, Model DOS has a contact i ; : 

rating of 15 amp; Model DO, 10 amp; and | ho , 

Model CRU, 5 amp. Available in a wide range of coil rl “Vf 
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PRECISION GROUND CORE SMOOTH JUNCTIONS : 
. . Cores for fine wire, high where wire sizes change be- ; 
resistance units are ground tween sections of tapered , 
to give a smooth, flat con- ‘windings . . . less differen- 
tour for the contact brush. tial between wire sizes, | 
I 
PERMANENTLY LOCKED , 
WINDINGS . . . Core and 
windings are bonded to- 
gether with vitreous enamel 
to prevent shifting of wire. 
UNIFORM WIRE 
SPACING... 
Ohmite has de- 
See for yourself! Examine an veloped special 
Ohmite Rheostat first hand. Compare winding oe | 
its smoother resistance windings. Turn caked aie: 
smoothly the contact brush glides over of adjacent turns 
the rheostat windings. on fine wire units. _— 
wire and on the contact brush. The FLUSH Pp 
brush makes contact with all of the s eee i 
turns and the resistance varies ; oe eed cae wind- q 
smoothly and uniformly as the shaft “a ee ings . . . brush Bop 
is turned. Every Ohmite Rheostat is a a glides smoothly @ 
individually tested on ultrasensitive ere from windings to nat 
electronic instruments to assure per- terminal. in 
fect contact between the winding and the contact brush. sp 
Standardize on Ohmite Rheostats for unsurpassed depend- El 
ability, smoothness of operation, and long life. Re 
Te 
an 
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from 25 to 1000 watts. Also available to meet D 







MIL-R-22A requirements in each of the 26 
type designations. 
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Engineering 






ual No. 40 


Le febewts OTIAUT 


OHMITE MANUFACTURING COMPANY, 3613 Howard Street, Skokie, Illinois (Suburb of Chicago 






- 


* 








Calendar of Meetings 


Dec. 1-3—Annual Meeting of The 
American Society of Refrigera- 
ting Engineers, Traymore Hotel, 
Atlantic City, N.J. 


Jan. 9-10—Second National Sym- 
posium on Reliability and Qual- 
ity Control in Electronics; spon- 
sored by the Professional Group 
on Reliability and Quality Con- 
trol of the IRE, American Society 
for Quality Control, and Radio- 
Electronics-Television Manufac- 
turers Association, Hotel Statler, 
Washington, D.C. 


Jan. 18-20—Twelfth Annual Na- 


tional Technical Conference: 
Society of Plastics Engineers, 
Inc.. Hotel Statler, Cleveland, 
Ohio. 

Jan. 23-25—-Annual Meeting: 


American Society of Heating and 
\ir Conditioning Engineers, Inc., 
Cincinnati, Ohio. 


Jan. 30-Feb. 3—Winter General 


Meeting, American Institute of 


Electrical Engineers, Statler Ho- 
tel, New York. 


Feb. 7-9 
inforced 


Eleventh Annual Re- 
Plastics Division Con- 
ference, The Society of the 
Plastics Industry Inc., Hotel 
Cleveland, Cleveland. 


March 12-16—Winter Meeting, 
National Electrical Manu- 
facturers Association, Edgewater 
Beach Hotel, Chicago. 


March 18-21—Spring Meeting. 
American Society of Mechanical 
Multnomah — Hotel, 


Portland, Oregon. 


Engineers, 


March 19-22-—National Conven- 
tion, Institute of Radio Engineers, 
Kingsbridge Armory, Bronx, New 


York. 


March 19-23—Industrial Exposi- 
tion: American Society of Tool 
Engineers, International Amphi- 


theatre, Chicago. 





scheduled for Washington. 
May 1-3, 1956, in the audi- 
U.S. Department of 


has been 
D.C., on 
torlum of the 
Interior. 
Theme of the 1956 Electronic Com- 
ponents Symposium is “The Appraisal 
of Accomplishments and the Exami- 
nation and Reaffirmation of Objectives” 
in the electronic components field. 

The three-day technical meeting is 
sponsored by the American Institute of 
Electrical Engineers, the Institute of 
Radio Engineers, the Radio-Electronics- 
Television Manufacturers Association 
and the West Coast Electronics Manu- 
facturers Association, with the active 
support of the U.S. Department of 
Defense and the National Bureau of 
Standards, U.S. Department of Com- 
merce. 

The technical program is being ar- 
ranged by a committee under the 
chairmanship of Paul Darnell, Bell 
Telephone Laboratories, Inc. 


Franklin Institute Bestows Awards 

The Franklin Institute, Philadelphia, 
at its Annual Medal Day Ceremonies, 
Oct. 19, bestowed medals for achieve- 
ment on eleven scientists and engineers, 
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awarding the Stuart Ballantine Medal 
for outstanding work in the field of 
communications to Dr. Claude E. Shan- 
non. 

\ member of the technical staff of 
the Bell Telephone Laboratories, Dr. 
Shannon is being recognized for his 
development of a “switching algebra” 
which is used in the design and analysis 
of computers, telephone offices, and 
other automatic devices. 

Dr. David Alberg Huffman, assistant 
professor of electrical engineering at 
Massachusetts Institute of Technology, 
was awarded the Louis E. Levy Medal 
for a paper entitled “The Synthesis of 
Sequential Switching Circuits.” It deals 
with the problem of developing an 
orderly procedure for designing com- 
puting, control, or switching networks 
whose outputs are functions of past 
as well as present states of inputs. 

For their conception and develop- 
ment of the Photon type-composing 
machine, John Price Wetherill Medals 
were presented to Rene A. Higonnet 
and Louis M. Moyroud, both of Cam- 
bridge, Mass. The Photon, a_photo- 
graphic type-composing machine, uti- 
lizes photographic processes along with 
applied communication network theory, 
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SUPER-WIZARD 


1000 CPM. 
5 watts input. 
Balanced Armatures. 














4 and 6-digit mod- 
els in basemount, 
panelmount and 
dustproof enclosed 
types for 60, 40- 
50, 25 cycles and DC; all voltages to 230. 


Purchase cost only 18¢ per million counts. 






















1000 counts per minute 
7 watts power consumption 
Balanced armature 

Quiet operation. No AC hum. 
Tamper proof housing. 

Lubrication not required. 

Available in basemount and panel- 
mount models—also to count dozens, 
for 60, 40-50, 25 cycles and DC; all 
voltages to 150. 


<> meRcuRY 


4-digit Reset | m 


600 Counts per minute. 
3 watts power input. 

4-digit Basemount and Panelmount 
models also to count dozens — all 
voltages to 115, AC or DC. 





oO? 


<> meRcuRY 


5-digit non-reset 
600 Counts per minute. 
3 watts power input. 






Tamper proof construction. 





See your PIC Rep- 
resentative or write 


700-04 W. Jackson Chicago 6, Illinois 
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BY 
FILTORS, wx. 


MTG. CENTERS 





4PDT TYPE L26F12 


LATCHING 
SUB-MINIATURE 


Magnetically Held — 
Electrically Reset 


This Latching Relay is believed to 
be the smallest and lightest hermeti- 
cally sealed latching relay available 
anywhere today. It is only one inch in 
diameter and 1-9/16” long (excluding 
terminals). Its weight is only 3.3 oz. 
Contact Rating: 

3 Amps. resistive 

at 26.5 VDC or 115 VAC. 
Coils: 

Latch-in—200 ohms 

Reset—375 ohms 
(Either coil may be energized continuously. ) 
Shock: 

50G 
Vibration: 

10 G at 5 to 500 CPS 
Amb. Temp: 

—65°C to + 125°C 

TO SPECIFICATIONS 

MIL-R-5757B and MIL-R-25018 (USAF). 


Also made in 


2PDT (Type L26FG6) and 
6PDT (Type L26F18). 


Write for NEW catalog today 


FILTORS, unc. 


30 Sagamore Hill Drive 
PORT WASHINGTON, L. I., N. Y. 
TEL: PO 7-3850 
CANADA: 


MJS Electronic Sales Ltd. Ajax, Ontario. 
Tel: EMpire 8-3806. 
EXPORT: 


Maurice |. Parisier & Co. 1860 Broadway, 


New York 23, N. Y. 
Cable Address: MIPARISIER NEW YORK 
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numerical counting processes, and con- 
trol mechanisms to produce a wide 
variety of type styles and sizes into 
justified lines of characters on photo- 
graphic film. 

Richard Y. Case, assistant man- 
ager and chief engineer, power trans- 
mission department, United States 
Rubber Co., was awarded the Edward 
Longstreth Medal. He was cited “in 
consideration of his invention of the 
timing belt, a rubber and fabric belt 
with teeth that make engagement with 
axially grooved pulleys, producing a 
completely positive drive that makes 
possible precision timing between two 
or more shafts.” 


ASA Honors Contributors to 
Voluntary Standardization 


Two geld medals, the nation’s high- 
est awards in voluntary standards, were 
presented at an award dinner Oct. 25, 
during the Sixth National Conference 
on Standards at the Sheraton-Park Ho- 
tel in Washington, D.C. 

The three-day conference (Oct. 24- 
26) was sponsored jointly by the Amer- 
ican Standards Association and_ the 
National Bureau of Standards. 

Harold S. Osborne, Montclair, N.J. 
received the Howard Coonley Medal 
for “service in advancing the national 
economy through voluntary standards.” 
Mr. Osborne is retired chief engineer 
of the American Telephone and Tele- 
graph Co., and past president of the 
International Electrotechnical Commis- 
sion. 

James G. Morrow, Steel Company of 
Canada, Ltd., Hamilton, Ont., received 
the Standards Medal, awarded annually 
for leadership in the development and 
application of voluntary standards. 

Mr. Morrow is past chairman of. the 
Canadian Standards Association and 
past president, American Society of 
Testing Materials at Philadelphia. He 
signed for Canada the American-Brit- 
ish-Canadian Declaration of Accord on 
Screw Threads (1948). 


Engineers Honored at Audio Banquet 


Recipients of awards and other hon- 
ors at the Annual Banquet of The 
Audio Engineering Society, held Oct. 
13 in conjunction with the organiza- 
tion’s Seventh Annual Convention, in 
New York, included the bestowal of 
the John H. Potts Award on Dr. Lee 
de Forest, Los Angeles, Calif. Dr. de 
Forest was honored for his invention 
of the thermionic amplifier tube; de- 
tector, amplifier and oscillator circuits, 
and improvements in sound motion 
pictures. 

The Audio Engineering Society 
award for service to the Society was 
given to Norman C. Pickering, director 
of research, Pickering Co., Oceanside. 


N.3. 


Honorary membership of the Society 
was bestowed on Professor Leo |. 
Beranek, associate Professor and tech. 
nical director of the acoustics labora. 
tory, Massachusetts Institute of Tech- 
nology. for his work on electroacoustics. 
{n honorary membership was also 
bestowed on Dean W. L. Everitt, dean 
of engineering, University of Ilinois. 
for his work in electronics, including 
research and supervision of wartime 
developments as director of the Opera- 
tional Research Staff of the Office of 
the Chief Signal Officer, and for his 
writing. 


Conference On Electrical Insulation 
Elects Officers 


At the 24th Annual Meeting of the 
Conference on Electrical Insulation. 
National Academy of Sciences-National 
Research Council, held October 17 to 
19 at Pocono Manor, Pa., the following 
officers were elected for the coming 
year: chairman, A. H. Sharbaugh. 
General Electric Research Laboratory, 
Schenectady, N. Y.. and vice chairman, 
T. W. Dakin, Westinghouse Electric 
Research Laboratories, East Pittsburgh, 
Pa. 

The 1956 meeting will be held some- 
time in October at the General Electric 
Research Laboratory, The Knolls, 
Schenectady, New York. 


IRE Announces Awards For 1956 


Frank J. Bingley, color television re- 
search engineer of the Philco Corp., 
will receive the Vladimir K. Zworykin 
Television Prize Award for 1956, be- 
stowed annually by the Institute of 
Radio Engineers for outstanding con- 
tributions to electronic television. He 
has been cited for his contributions to 
colorimetric science as applied to TV. 

The Browder J. Thompson Memorial 
Prize for 1956 was awarded to Jack E. 
Bridges, research engineer of the 
Zenith Radio Corp., for his paper, “De- 
tection of Television Signals in Thermal 
Noise.” 

The awards will be presented during 
the IRE National Convention to be held 
in New York City, March 19-22, at 
Kingsbridge Armory. 


SMPTE Announces National 

Election Results 

Results of the 1955 national election 
of the Society of Motion Picture and 
Television Engineers were announced 
by Dr. John G. Frayne, president of 
the Society at its 78th convention at the 
Lake Placid Club, Essex County, New 
York. 

Unopposed for re-election as vice 
president and treasurer were Axel G. 
Jensen of Bell Telephone Laboratories, 
Murray Hill, N.J., and George W. Col- 
burn of G. W. Colburn Laboratories. 
Chicago. 


DECEMBER 1955 ELECTRICAL MANUFACT URING 





Ri 


The Falk Corp., of Mil- 
waukee, also uses Elas- 
tic Stop nuts in the tie 
rod assembly... and on 
the gear housing to 
maintain tight cover fit. 





P Elastic Stop nuts solve 
Critical gear adjustment problem 
in new speed-reducing unit! 


In its rugged new Shaft-Mounted Drive, The Falk Corporation uses 
a self-locking Elastic Stop nut to secure the high-speed gear to the 
intermediate shaft, as shown in the illustration on the left. 

The precision-made Elastic Stop nut stays firmly in place and the 
close seat-squareness tolerances maintain the exact original gear ad- 
justment withstanding severe vibration caused by shock loads trans- 
mitted through the gears. Costs are cut because drilled bolt holes 
and cotter pins are eliminated. 

Here’s how this Elastic Stop nut works: The familiar red collar 
of the Elastic Stop nut is deliberately undersized in relation to the 
shaft (or bolt) diameter. It grips the shaft with a perfect fit, enforces 
a continuing self-locking pressure against the metal threads, and 
holds the nut securely in place at the desired point on the shaft. This 
same tight-fitting locking collar also provides a seal that prevents 
oil from seeping along the bolt threads, wherever oil seepage is a | 
problem. And because the bolt threads are protected against moisture 
from without, the nuts cannot become “frozen” to the bolt by cor- 
rosion. The elastic recovery of the red collar permits extended re-use 
of Elastic Stop nuts. 





Mail the coupon for information on how Elastic Stop nuts can 
solve your specific fastening problem. 


ELASTIC STOP NUT CORPORATION OF AMERICA 





— 
| Elastic Stop Nut Corporation of America 

Dept. N67-1222, 2330 Vauxhall Road, Union, N. J. 

Please send the {« wing free taster sees rmoatior 

[-] ELASTIC STOP nut bulletin (_]) Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 
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WRITE TODAY FOR COLORFUL 
BROCHURE SHOWING THE 
NEW LINE OF ATR TV SETS 


ALSO MANUFACTURERS OF DC-AC INVERTERS, 


A Vi \ 


**A” BATTERY ELIMINATORS, AUTO RADIO VIBRATORS 


LVIrvav a iL ELT ae 


Quality Products Since 1931 





SAINT PAUL 1, MINNESOTA-U.S.A 
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Editorial Reprints 





As manuscripts are projected for pub- 


lication in each issue of ELECTRICAL If multiple quantities of these re. 
MANUFACTURING, the board of editors prints are desired, the rates to govern 
determines which editorial articles are are indicated. Remittances 
to be made available to readers in re- 
print form. 


bers indicating the reprints desired. 


must ac- 
company all orders. Larger quantities, 
special quotation. 

Available reprints of articles in this 
and previous issues are briefed here. 


—_ 


3 Cost of 
Any regular ELECTRICAL MANUFACTUR- .: oh: . 
ee Single Subject Reprints 

ING reader qualifies for one copy of all V V 
ingle-article reprints, without chat nea panier at pages 
single-article reprints, out charge. . ¢ 

5 I S Reprints 4-12 16-32 

The numerals shown in reprint list- ] Gratis Gratis 
ing correspond to the numbers shown 5 $2.00 $3.75 
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REPRINTS NOW AVAILABLE formers for electronic equipment. 


= : ie sharts, diagrams ¢ ‘ 
Digital Computer Principles, Decem- Charts, ” = ims and a nomograph 
coal aaa are used. For powe s to! 
ber 1955, 12 pages. This primer ‘ ss it F . a oe 7 ’ 
va, voltages to 50 kilovolts \ 
establishes elements of the binary ee = ete aa, ts, ire 
. Z quencies fro a >» Le ‘ps; at- 
number system, treats decimal to mere re rom <0 t 7 cps; at 
bee. a a mospheric pressure as low as 1.32 
yinary conversion, and _ provides = ; 
5 sas in. of mercury (70,000 ft altitude) 
computer definitions and symbols. i ts to 200 C. (232 
“ ”» . ; and temperatures up to z » (292 
\ “must” for designers of control ee ee (232) 
systems employing computer tech- Analog Computers for Machine Con- 
“ >. > « f . 
niques and components. (203) trol—Parts I and II, August and 
; ; : 3 October 1955, 20 pages. Points out 
System for Evaluating Electronic cores Pag 
: ore the possibilities created by exten- 
Components, December 1955, 8 ; sap 
; ; , sive military research and develop- 
pages. Describes systematic method ; 
ectas ment programs that have made a 
of components selection based on re 
rich store of computer technology 
numerical values for five attributes: 1 ‘ aaaaaenniiin. a silable 
ane eas and proven components avail 
Reliability, Availability, Compati- I 


i : y sae to the equipment designer. Once 
bility, Economy and Reproducibil- ae 
rT eae as he basic principles are understood, the 
ity. Weighting factors are assigned ; ; : 
; aT j cae design of computer controls be- 
for conditions of operation. (202) 
comes largely a matter of arranging 
7 « . > > - : ' > ag ; . a . . 
Research Progress in  Dielectrics— off-the-shelf building blocks. Ar- 
rr weeher 105K 19 ' : 
1959, December 1955, 12 pages. ticles explain workings of basic 
rhe latest article in the annual components and describes how 
series of reports on the meeting of servos perform individual mathe- 
the oo on Electrical Insula- matical operations. (231) 
ion. The on-the-spot summary an : . 
a , ; nee _ set ht ee a d New Developments in Shaded-Pole 
interpretauior g ynts work done ee ; 
wore " offe a ao ' “0 Motors, October 1955, 8 pages. 
) ‘orona etrects; Dreakadown studies 2 . . ¢ 
eee i de ‘i . : Based on interviews with 21 motor 
yases ¢ S: §s . e $ _ . ° "i ‘ 
- E ae — ae — (201) manufacturers, this report covers 
rials ¢ rroelectrics. 2 . etic 
on iiessitheginumaniaten improvements in the characteristics 
Nuclear Batteries, November 1955, 8 of one of the most widely used 
pages. Progress report from Wright electrical components. Although 
Field on the development of power low cost is still the greatest benefit 
sources utilizing radioactive isotopes offered by the shaded-pole motor. 
as energy elements. Solar batteries the equipment designer can look 
are also discussed. Commercial and forward also to higher efficiencies, 
semicommercial types offered by in- better power factors, longer bear- 
dustry are illustrated and described. ing life and standardized dimen- 


(233) sions. (230) 

Simplified Design of High-Tempera- Evaporative Spray-Tower Technique 
ture Transformers, November 1955, for Electronic Equipment Cooling, 
12 pages. Detailed procedure for October 1955, 12 pages. A new 
estimating temperatures and tem- system of cooling developed by the 
perature gradients in power trans- Navy is described. Simultaneous 


DECEMBER 1955 ELECTRICAL MANUFACTI RING 








_ For the first time silicone rubber sheet stocks 
' are available in economical continuous-roll lengths 
Du Pont offers these high-grade, general-purpose sheet stocks in two 
hardnesses—50and 70durometer—and three thicknesses— 1-32’, 1-16"’ 
and 1-8”. 

Silicone rubber sheets are designed to fill the urgent need for gasket 


& 


DU PONT INDUSTRIAL 
COATED FABRICS 


COATINGS OF 
Silicone rubber *« Neoprene +« BunaN « GR-S 


ON THESE FABRICS 
Nylon « “Dacron“t « Glass 
Cotton « “Orlon”{ « Asbestos 


Glass fabrics coated with “Teflon” tetrafluoroethylene 
resin, elastomer sheet stocks and cements 


tDu Pont’s trade-mark for its polvester fiber. 
pot 


tDu Pont’s trade-mark for its acrylic fiber. 


E. |. du Pont de Nemours & Company (Inc.) 
Fairfield, Conn. 


eG S PaT OFF 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 


materials in high- and low-temperature applications. Flexible and 
strong, these sheets are resistant to temperature extremes, oil and 
abrasion . . . exhibit excellent anti-stick properties. 

The unique properties of these new stocks may be just what you 
need to make a new design a success—or to improve an old one. The 
continuous-roll feature means more efficiency and economy, too. Why 
not have a Du Pont representative call on you to discuss possible 
applications of silicone rubber sheets? He’ll be glad to be of service 
Just clip and mail coupon for further information. 
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| E. I. du Pont de Nemours & Co. (Inc | 
| Fabrics Division, E-512, Fairfield, Conn. | 
| I am interested in ‘‘Fairprene”’ Industrial Products. 
| ( Have a representative call. ( ) Send further information | 
| on silicone sheet stocks. | 
| | 
| Name tipendte tna ra ghcisenn tess a Title : 
| Firm pte = | 
Address____ sa ‘ineewelbe | 
| City__ — a State | 
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ELECTRICAL INSULATION QUIZ 


Do you know... 


—how nuclear radiation effects insulation? 


—how liquid dielectrics can decrease equipment 
size and weight? 


—how shrinkage can be minimized in epoxy resins? 


—what materials are best for severe arcing require- 
ments? 


—what properties are combined in the new sili- 
cone-alloy materials? 


Answers to these and hundreds of similar questions are at 
your finger tips in the new ELECTRICAL MANUFACTURING 
Design Annual . 


ELECTRICAL INSULATION 
AND DIELECTRICS —1955 


This 130-page book—just off press—brings together into one 
handy-to-use reference, fifteen of the year’s most significant 
articles on electrical insulation as related to product design en- 
gineering. All of the selected articles have appeared in ELEC- 
TRICAL MANUFACTURING during the past twelve months 
and reflect the newest technologies and developments in this 
swift-moving field. 


Every engineer who works with dielectrics should find this 
book an invaluable tool . . . a handy source of current data on 
properties, applications and test evaluations covering scores of 
new and basic types of insulation materials. 


Each article has its own cited references, such as technical 
reports, conference papers, etc. Included, too, is an annotated 
bibliography of all pertinent ELECTRICAL MANUFACTUR- 
ING articles—dating back to 1946—which contain data that are 
still applicable to current-day design problems. 


Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The 
Epoxy-Resin System for Embedded Circuits and Components (April 
1955); Arcing Performance of Plastics Insulation (April 1954): Die- 
lectric Strength of Solid Insulation (May 1954); Impact of High- 
Energy Radiation on Dielectrics (June 1955); Deteriorating Influences 
on Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 
1954); Applications for Gas and Liquid Insulation (June 1954): 
Glass-Premix Compounds for Molded Parts (March 1955): Filled 
Fluorocarbons—New Component Materials (February 1955): Evalu- 
ating Dielectric Properties of Plastics Laminates (October 1954); 
Plastics Laminates Standards (November 1954): Effects of Water 
Immersion and Humidity on Thermosetting Laminates (July 1955): 
Temperature Classification of Insulating Materials (September 
1954); European Developments in the Dielectrics Field (August 
1955). 


e The Design Annual is in handy file size, 8% x 11 inches and is attrac- 
tively bound with a heavy paper cover. It includes each article in complet: 
form with all original illustrations, tables and text. Single copy price is 
$3.00 on orders accompanied by remittance. Orders should be addressed to 
J. A. Campbell, Director Reader Service, The Gage Publishing Company 
1250 Sixth Avenue, New York 20. 


heat and mass transfer is utilized 
as the means for removing heat. 


(229) 


Correcting Meter Readings on Seryo 


and Gyro Motor Tests, September 
1955, 8 pages. Corrections are in 
order when the power consumed by 
the meters is substantial compared 
to the motor loads, as in the case 
of small instrument motors. Forms 
developed at M.I.T. routinize the 
otherwise tedious calculations. (228) 


Current-Rectifying Devices, Septem- 


ber 1955, 20 pages. As a selection 
guide, this comprehensive statt re- 
port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifiers 
—vacuum, gas and mercury tubes; 
selenium and copper-oxide metallic 
rectifiers, and the newer germanium 
silicon types. (227) 


Wiring Harness Practices, July 1955, 


4 pages. Describes recommended 
practices for the layout, tieing and 
installation of wiring harnesses and 
shows how careful design can fa 
cilitate testing and inspection and 
Standards for Insulation, Motors, 
improve service reliability of equip 
ment. (226) 


Principles of Electronic Circuit Pack- 


aging, August 1955, 12 pages. Based 
on Signal Corps development con- 
tract, the authors describe the de 
sign and application of four basic 
systems for circuit packaging and 
iniegration of printed wiring assem 
blies, particularly applicable to auto 
matic production. Thermal dissipa- 
tion is major design consideration. 

(225) 


European Developments in the Dielec- 


tric Field, August 1955, 5 pages. 
Report summarizes progress in ace 
tate paper, epoxy casting resins, 
epoxy-impregnated mica paper. 
polyurethane magnet wire enamel, 
and foam-type polystyrene, also de- 
scribes special equipment tor ex- 
truding helical multicolored poly- 
vinyl chloride wire _ insulation. 

. (224) 


Flexible Couplings for Motor Drives, 


July 1955, 8 pages. Operating prin- 
ciples and selection factors of some 
principal types are presented in this 
review. Many design variations are 
to be found in these basic types, 
all intended to compensate tor lim- 
ited misalignment resulting from 
poor mounting of motor and driven 
member, wear, thermal distortion 
and load deflection. (223) 


Design of D-C Tractive Electromag- 


nets, July 1955, 12 pages. Simplified 
method for designing electromag- 
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Serves a wide variety 
of exacting applications 
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Over 50 years of good, practical experience, a 
staff of trained engineers, a modernly equipped 
laboratory and skilled, conscientious shopmen 
give Kopp the ability to supply you with the 
most dependable technical glassware available. 

Whether it be a trim, individually designed 
‘‘bullseye,”’ a sturdy sight glass or a technically 
perfect lens for traffic or railroad signaling, 
Kopp can guarantee to meet your specifica- 
tions to the letter. Every Kopp lens, color 
fitter or roundel, in any size or shape, is en- 
gineered with precision and manufactured 
with craftsmanship. The illustrations on this 
page are but a few of thousands made by Kopp. 

Let us submit ideas, designs and prices for 
your consideration. 





KOPP G LASS, Inc. 


SWISSVALE, PA. 


Protective 
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nets using curves plotted from data 
on variety of practical magnets, 
Intended for the occasional de- 
signer. Typical problem is solved, 

(229) 


SINGLE PHASE 60 CYCLES 
220/440 VOLT PRIMARY 


Relays in Electron Tube Cireuits, July 
1955, 8 pages. Describes how relays 
are used in conjunction with vacu- 
um and gas-filled electron tubes to 
obtain advantages of both. Typical 
circuits are discussed. (221) 





Effects of Water Immersion and Hu- 
midity on Thermosetting Laminates, 
July 1955, 12 pages. Results of 


miT RATED SECONDARY VOLTAGE 





evaluation program, _ including 
graphs and tabular data by Mate- 
, 110 VOLTS 60 CYCLES rial Laboratory, New York Naval 


> 20% Shipyard, on Navy grades of phen- 


olic, glass-laminate and _ glass-sili- 
5 K.V.A. cone laminates under various test 
220/440-110V conditions. (220) 


TYPE S10 Printed Circuits Have Versatility Plus, 


June 1955, 8 pages. Review of 
printed circuit applications outside 
of the strictly electronic _ field. 
Switches, strain gages, inductors 
and transformers, airplane deicers 
| and wiring harnesses using this ver- 
| satile construction method are dis- 
| 


cussed. (219) 


| Application Factors for Two-Phase 
Servo Motors, June 1955, 12 pages. 
Discussion of the operating charac- 


, a as a va D T teristics and the principles of opera- 
/é ij lw tion of two-phase induction motors 
used as control elements in feed- 


Ns as 
TRANSFORMERS 


For Machine Tool and Other 
Industrial Controls 


Impact of High-Energy Radiation on 
Dielectrics, June 1955, 20 pages. 
In a_ special staff report basic 
facts of high-energy radiation are 
given; research programs are sum- 
marized; specific radiation-resist- 
ance data on various dielectric ma- 


terials are tabulated; design factors 
Hevi Duty control circuit transformers are specified by many and techniques are analyzed. Over- 
. : ; all impact of nuclear power and 
machine tool and control manufacturers because of their superior radio-active devices on design is 
and dependable performance. They are designed specifically for discussed. (217) 
control circuits where high in-rush currents occur to provide better progress in Electron Tube Reliability, 
regulation of circuit voltage. May ae 12 pages. ag _ 
. . . ; . means used to Cetermine tube de- 
Write for Bulletin T-5111 for more complete information. This ficiencies in variety of difficult 
bulletin shows regulation curves, impedance characteristics, and applications and how numerous de- 
i i i changes = affec im- 

presents other engineering data. sign changes affected much i 
provement. (216) 


Hevi Duty control circuit transformers are designed to meet 
— or exceed NEMA, ASA and JIC Oe aa tea Boga — 
BEES B=0RyY , | stondards. Report on the Third National Con- 
ference on Electromagnetic Relays 
at Oklahoma A. and M. College 
HEVI stresses the rugged environments 
imposed by guided missiles and 
notes status of standards move- 
ment. (215) 


(Continued on page 296) 





DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN — 


Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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Giant battery cases 
weigh less... because 


they’re made with 


DYLENE™ 
OLYSTYRENE 


is battery cases like the one 
pictured are used in communica- 
tion centers and for emergency pur- 
poses. The cases were formerly made 
from rubber. Today these battery 
cases are made from Dylene polysty- 
rene. They weigh approximately 15 
pounds and will give long, depend- 
able service. 

Dylene polystyrene is being used 
to replace glass, metal and rubber 
in many industrial applications. By 
choosing the right type of Dylene 
plastic you can get such qualities as 
high impact resistance, low water 
absorption, dimensional stability, 
and high heat distortion resistance. 
Parts made from this lightweight 
plastic can be molded in any shape 
you need ... at low cost. 

Koppers engineers will give you 
technical assistance in selecting the 
proper Dylene polystyrene to im- 
prove your product or reduce pro- 
duction costs. Write to us for more 
information. 


*Koppers Trademark 


a 
KOPPERS 


CU eMC eMC Me eh ee Se CMU Mee tt 
Pa. This 13%” x 14%” x 19%” battery case, molded by the Mack Molding Company, Arlington, 
VP CC mC CUCM ml tate 


KOPPERS COMPANY, INC. 
Chemical Division, Dept. EM-125 Pittsburgh 19, Pennsylvania 


SALES OFFICES: NEW YORK - BOSTON - PHILADELPHIA - ATLANTA - CHICAGO - DETROIT - HOUSTON - LOS ANGELES 













SANBORN 


OSCILLOGRAPHIC RECORDING SYSTEMS 





“ON THE JOB”’ 


PROVIDE VALUABLE 
DYNAMIC ANALYSIS DATA 


PRODUCTION TESTING 


of components is accomplished by a 
Servo Component manufacturer by means 


; * ; : sag ae IL 
of a Sanborn Single-Channel Recording xe a 


System with a Sanborn Servo ; = 7 
Monitor Preamplifier. 


DYNAMIC PERFORMANCE 


of valves when equipped with a certain 





pneumatic Valve Positioner is determined by 
the manufacturer with a Sanborn Two-Channel 
System and Sanborn Carrier Amplifiers. 





ACCELERATION and TORQUE 


" are recorded simultaneously by an oil company in 





their study of fuels and lubricants 


as they relate to engine 



















performance. 





DRONE MISSILE 


manufacturer can simulate the flight of 
the missile and derive information concerning its 





behavior under certain conditions by means of 
an analog computer and a Sanborn Four-Channel 
System with four Sanborn AC-DC Preamplifiers. 


ATOMIC REACTOR 


to be used for power generation in 


—. - prototype plant is studied with the 
: help of a Sanborn Eight-Channel System 
—— which records the output of thermo- 
a couples, strain gage pressure pickups, 
| ~ and resistance devices. 










ANALOG COMPUTING 


center uses Sanborn Eight-Channel 


s : .- % 
Systems to record the solutions of ao’ Ni 
i: ‘ ° ° ° . -——~ 
problems having six or eight variables. : as! 
Sanborn systems specially designed fl oi / 
for this type of work utilize Dual- a — 


Channel DC Amplifiers. 


Sanborn 150 Features include: 


Inkless Recording in True Rectangular Coordinates INDUSTRIAL DIVISION 
Preamplifier Interchangeability 


Eleven Types of Preamplifiers al A iat ts  @ ) ae ie 


Improved Over-all Linearity 


Accessibility of Chart During Recording fo @ | a PANY 


CAMBRIDGE 39, MASSACHUSETTS 
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High - Potential Dielectric Strength 
Testing, May 1955, 12 pages. De- 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments 
available. (214) 


Transistor Switches Improve Mag- 
netic-Amplifier Performance, April 
1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation 
resembling that of a mechanical 
rectifier, provide the desirable com- 
bination of low leakage and low 
forward drop. (213) 


Miniature Photocells, April 1955, 8 
pages. Review of commercially 
available cadmium sulfide and Jead 
sulfide photoconductive cells. They 
are virtually insulators in darkness 
and conductors under light by a 
factor of 100,000. Very small 
quantity needed for useful photo- 
cell. (212) 


Embedded Circuits and Components, 
April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation is 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. (211) 


Wafer-Coil Technique for Transform- 
ers, February 1955, 4 pages. Slit 
rolled foil method eliminates many 
hand operations in transformer pro 
duction. Conductors may be equiva- 
lent to very fine wire. (208) 


Stainless Steel Finish Effects, January 
1955, 8 pages. Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fin- 
ishes obtainable on stainless sheet 
and strip. (207) 


Nomographs as Engineering Work- 
sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 
justified. (206) 


New Molding Processes for Printed 
Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-moldea capacitors). Tech- 
niques developed at the Diamond 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
units described. (205) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
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en ed and developed this line of 1/100 to 11 horsepower 
to Wer the need for completely dependable operation 
under critical conditions. Pesco Electric Motors assure optimum 
performance and efficiency throughout a long service life. They com- 
bine maximum power with minimum size and weight, yet withstand 
rugged environmental extremes. These motors are now available to you. 


o engit 


motors 


Both DC and AC types are made in five “coordinated frame” 
sizes which permits use of standardized parts having known charac- 
teristics. This expedites design and speeds delivery of motors built 
to your exact requirements. 

Pesco high quality motors have many features not found in ordinary 
motors... such as dynamically balanced rotors, high strength alloy 
shafts, extremely tight windings, advanced-design brush rigging, 
multiple impregnations, brush material selected for specific use, high 
capacity sealed ball bearings and special insulations. If you are 
looking for a good source for special purpose electric motors, look 
to Pesco. 

To learn more about Pesco Motors for industrial or aircraft uses, 
call in a Pesco sales engineer . . . or send for a brand new technical 


bulletin. Write: PESCO, 24700 North Miles Road, Bedford, Ohio. 


BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD ° BEDFORD,“ OHIO 


BACK COVER 
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TO ELABORATE.... 


This brush assembly conducts 
signal and power current through 
slip rings between stationary and 
rotating equipment. 


Superior Willingness 
to ELABORATE 


“Elaborate”? Yes, that’s exactly what we mean. For, 
actually, “elaborate” means to work something out. 
Always, we at Superior are most willing to work out 
exactly what your application calls for...the right 
answer to perform a brand new operation most effici- 
ently, to make your present equipment function more 
profitably, or to bring down the cost of manufacturing 
your product. Please turn us loose on that next brush 
assembly problem. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE CLEVELAND 5, OHIO 





or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. These multiple, 
reprints are listed by titles, immedi. 
ately following the single article 
reprint listings. Address: John A, 
Campbell, Director Reader Sery rice, 
ELECTRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y, 


Electrical Insulation and Dielectrics— 
1955, 136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
Manracturinc. Ths volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons, 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Designing Servomechanism Systems, 
96 pages. Multiple Reprint No. 3. 
Thirteen feature articles or related 
phases of design of feedback con- 
trol or servo systems and servo ap- 
plications, including the series of 
four articles by Herst. For a com- 
plete list of the contents of this 
booklet see April 1954, page 358. 

$2.50 


Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates. 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
sociated assembly methods. For an- 
notated list of articles see page 332 
of the June 1954 issue. $2.00 


Multiple Reprints at Quantity Prices 
Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 25 
Electrical Insulation and 

Dielectrics—1955 9.25 1.85 

Servo System Design 1.25 1.00 

Magnetic Amplifiers 1.35 1.10 

Printed Circuits - 1.35 1.10 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company. 
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More and More Firms are Choosing Copyflex Because... 
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: COPYFLEX 
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7 | | 
is the Choice of Everybody | 
. 
- * e 
; in the Drafting Department! | 
2 | 
" 
There is no dissatisfaction where Copyflex reproduction vacuum feed, positive separation of tracings, feed release 
machines are used. Department head, operator, drafts- treadle, adjustable light shield, extra-large stacking trays | 
man ... each knows reproduction and prefers Copyflex; speed and simplify the operator’s work. 
ere ee The Draftsman prefers Copyflex because it | 
j yreiers sO P 5 yecause 
§ a The Department Head, who keeps tab on 3 “ turns out flat, ty cai prints of his 
¥ ' production and costs, prefers Copyflex because i iat ML Kachina | 
° A of its high-volume economy. Here e the high- SP duction at its best—clean, black-on-white lines | 
J NZ est ‘practical speed consistent with quality i a Nell 
] printing, as fast as 40 feet per minute and for a cost as , | 
2 low as 2c a square foot, depending on the model you In short, everybody likes Copyflex because it’s the 
;' need. No venting, plumbing, or auxiliary equipment only reproduction process that gives you quality prints 
means no installation costs, minimum maintenance. at low cost, plus problem-free installation and operation. 
The Operator prefers Copyflex because it is That’s why more firms are switching to Copyflex! You 
~ clean, completely free from fumes and odors, owe it to yourself and your company to investigate 
easy and fast to operate. Such features as Copyflex advantages. Mail coupon today. 
| Charles Bruning Company, Inc., Dept. 123-L 
| 4700 Montrose Ave., Chicago 41, Illinois | 
| Please send me information on Copyflex | 
. | Reproduction Machines. | 
| Best Process! Best Machines! 4 
Best Selection of Materials! YD HOY | Name —__ Title ___ = 
| I ee ee | 
Specialists in Copying Since 1897 a | 
| I cihiicesniclaccapnce Go Ne State __ a 
CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, ILL. a 
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Servo Motor Control System 


SINCE 1915 LEADERS IN AUTOMATIC CONTROL 





? 


Most engineering ingenuity concentrates not on basic principles, 


which are relatively simple, but on the fine details that make the 


difference between good and poor design, between high and low cost, 
or between efficient and inefficient component arrangement. For 
instance, the motor control system patented by the Ford Instrument 
Company. The purpose of the system is to provide a sensitive contro] 
system to make an induction motor respond accurately to a relatively 
small reversible input signal. This system employs saturable-core 
transformers to combine the sensitivity of vacuum tube amplifiers 
with the high power-carrying capacity of saturated-core devices. 
This also facilitates the problem of matching the motor impedance 
with that of the amplifier. 

In the circuit shown the first pair of tubes act as a phase inverter, 
with the control signal applied to the grid of one inverter tube. The 
feedback signal, produced by a d-c generator coupled to the con- 
trolled motor, is applied to the inverter tube. The output of the 
inverter is the signal of the servo loop. The second pair of tubes acts 
as a driver-stage for the saturated transformers that supply one 
winding of the controlled two-phase induction motor; the othe: 
motor winding is connected to the power line. 

This is typical of the things Ford engineers do... every day. It 
vou have a control problem it will pay vou to talk to the Ford 
Instrument engineers. 


@ FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Isiand City 1, N. Y. 





ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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Standards 





Methods of Rating and Testing Home 
Freezers 


Sponsored by the American Society 
of Refrigerating Engineers and the 
Home Research Branch, 
Agricultural Research Service, U.S. 
Department of Agriculture, a new 
American Standard, Methods of Rating 
and Testing Home Freezers, prescribes 
methods of rating self- 
contained freezers used primarily for 
the freezing of, and storage of, frozen 
foods for farm and home use. 

Purpose of the Standard is to provide 
a uniform procedure for rating and 
determining the performance of home 
freezers under specified laboratory test 
conditions. These test conditions are 
not intended to duplicate normal home 
freezers use, but to form a basis for 
laboratory comparisons. The Standard 
has been approved by the American 
Society of Refrigerating Engineers, the 
American Standards Association, Inc., 
and the National Electrical Manufac- 
turers Association, who have designated 
it ASRE Standard 13, ASA B38.3-1955, 
NEMA Publication No. FHI-1955, 
respectively. 

Copies of the Standard may be ob- 
tained from any one of the three organi- 
zations listed above at $0.50 per copy. 


Economics 


testing and 


To obtain copies from the American 
Standards Association, write to that 
organization at 70 E. 45th St., New 


York 17, N.Y. 


Multiple V-Belt Drives 
The Multiple V-Belt Drive & Mechan- 


ical Power Transmission Association 
and the Rubber Manufacturers’ Associ- 
ation, Inc.. have issued a completely 
revised 24-page manual of recommended 
Engineering Standards, Multiple V- 
Belt Drives. 

Basic changes in the revised manual, 
the first edition of which appeared 
in 1951, include ten 
horsepower ratings. These in general 
give increased ratings for standard 
quality belts throughout the generally 
accepted speed range. For the first time 
ratings on premium quality belts are 


pages of new 


included. The new manual shows rat- 
ings for belt speeds from 200 to 6000 
fpm. 

The basic horsepower formulas used 
in obtaining the new ratings are shown. 
These take into consideration drive 
ratio as well as belt length. Manufac- 
turing tolerances have been shown for 
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To safeguard the reputation of your product...al- 
ways specify SUPER SERVICE cords and cables. They 
are made to exceed IPCEA specifications and will as- 
sure a SAFE, DEPENDABLE flow of electricity to your 
product throughout an extra long service life. 


New SUPERTUF neoprene mold cured jacket resists 
on-the-job hazards far beyond ordinary conditions. 
It provides excellent resistance to oils, chemicals, 
flames, impact, cutting, tearing, crushing, and fail- 
ure due to constant flexing. 


New THERMAX heat-resistant insulation protects 
against dangerous temporary current overloads... 


vital extra safety that also extends the life of the 
cord and cable. 


Whether you’re making portable electric drills, 
battery chargers, welding machines, or any type of 
product that requires heavy duty portable cords and 
cables...it will always pay you to specify SUPER 
SERVICE. It performs better...lasts longer. 


Also, it will pay you to remember that General 
Cable is the only manufacturer who can supply all 
your electrical wire and cable needs! Buy from one 


source, 


GENERAL CABLE 


CORPORATION 





BARE, WEATHERPROOF, INSULATED WIRES and 
CABLES FOR EVERY ELECTRICAL PURPOSE 


READER INQUIRY SERVICE CARDS, PRECEDING BA¢ K COVER 


GENERAL CABLE CORPORATION 


Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta e Baltimore e Boston e Buffalo 
Chicago e Cincinnati e Cleveland e Dallas e Dayton e Denver 
Detroit e Erie (Pa.) e Greensboro (N.C.) e Houston 


Indianapolis e Kansas City e Lincoln (Neb.) e Los Angeles 
Memphis e Milwaukee e Minneapolis e New Haven e New 
Orleans e Newark (N. J.) e New York e Philadelphia 
Pittsburgh e Portland (Ore.) e Richmond ( Va.) e Rochester 
(N. Y.) e¢ Rome (N.Y.) e St. Louis e San Francisco 
Seattle ¢ Springfield (Ill.) e Syracuse e Tampa e Tulsa 
Washington (D.C.) 
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basic sheave groove profile dimensions 


both for standard and d rrOOve 
E tA ke o Ss & E Dp ee In cian. aeniics =. 
COIL FORMS 


RESINITE for sets of belts have been revised in 
the interest of better belt matching. 

Copies of the revised manual may be 

obtained at $1.00 each from either the 

Rubber Manufacturers’ Association, 

ee tf) 7) z ‘ 3 Inc., 444 Madison Ave., New York 22, 

: N.Y., or from the Multiple V-Bel 

Drive & Mechanical Power Transmis- 

sion Association, 27 East Monroe St.. 
Chicago 3, IIL. 









increase 
Pie Oita) 


te, ff, Electronic Voltmeters 

PTY A your Published for trial use, Proposed 
e ——s Recommended Guide for Specification 
iron core : ~ of Electronic Voltmeters, AIEE Pub. 
lication No. 450, is designed “to give 

a common basis of comparison among 
electronic voltmeters offered for gen- 
eral-purpose applications.” For the pur- 
pose of these specifications, general- 
purpose voltmeters do not include in- 
struments primarily intended for the 
measurement of pulses or similar dis- 
continuous wave forms, or instruments 
of the electrometer type which are de- 
signed to provide an extremely high 
input resistance (10'° ohms or more). 
Copies of Publication 450 may be ob- 
Special embossed construction eliminates torque control prob- tained without cost from the American 
lems and stripping . . . prevents breakage or freezing of cores Institute of Electrical Engineers, 33 W. 


s : 39th St., New York 18. 
due to cross threading or improper starts. 


insertion 
production 
YT rh 


Polyphase Motor Starting Current Rules 
Custom fabrication to your exact specification assures correct : 
Four-page report, developed by the 


dimensions to within the most critical tolerances, plus uni- Joint Committee on Motor Starting 
formity throughout. Currents of the Association of Edison 
: Illuminating Companies, the Edison 
I 
a , ; ‘ Electric Institute, and the National 
Threads are positioned in accordance with your requirement ae 


Electrical Manufacturers Association, 
is intended to promote a better under- 
standing of the effect of starting cur- 


—full thread, each end, one end, center only. 





: 

| We will furnish—without charge—a pilot production run of . rents on the problems of motor appli- 
; » . cations. 

| custom-made embossed forms to fit your particular applica- ee a rr 
. tion. We will also send a winding mandrel made to the speci- obtained from the National Electrical 
) . Manufacturers Association, 155 East 
fications you supply. ‘ ’ 

| elit 45th St. New York. Price is $0.25 
| Contact us now for full details about this special offer. Pe eae 

. 

. 


Request technical bulletin, Use of Threaded Tubes, Threaded 


Postcard return cards are provided 


Iron Cores VS. Torque Control. 


preceding back cover as a_ con- 


venience to the reader in obtaining 


~~ a 


ALY 


CORPORATION 


New Components and Materials 











Sales Representatives in: Additional data from the supplier 
; of any item reviewed. 

: New England: Framingham, Massachusetts, Trinity 3-709 1 

: Metropolitan New York, New Jersey: Literature for the Design 

. Jersey City, New Jersey, Journal Square 4-3574 Engineer 

) Upstate New York: Syracuse, New York, Syracuse 4-2141 A copy of any manufacturer's 


Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 2 ; : 
: : ep Feature Article Reprints 
California: Pasadena, California, Sycamore 8-3919 Singl ; od if 
Canada: Montreal, Quebec, Canada, Walnut 0337 VERE Copies © mr ected feature 


articles. 
PRECISION PAPER TUBE COMPANY 


2035B W. CHARLESTON ST. ° CHICAGO 47, ILLINOIS 


publication reviewed. 


Advertised Products 
More information on any product 


or service described. 
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Convert to 
Dual Channel 
Operation in 
the Range ot 


DC to 15 MC 


A one microsecond rectangular 
UT Me PM Me ie 
the Electronic Switch. Note lack of 
bah Me Lil SMb ame Tile <a ty 
response of both channels. 


...using any Single-Channel Oscillograph 
with the 


NEW DU MONT 
TYPE 330 ELECTRONIC SWITCH 


The new Du Mont Type 330 Electronic Switch is a self- 
contained accessory for oscillography that permits . . 


1. Converting any single-beam oscillograph into a 
dual-channel instrument. 

2. Adding a channel to any multi-channel instrument. 

3. As a chopper, converting an a-c oscillograph for 
d-c measurement. 


Within the range of DC to 15 MC, the Type 330 is 
limited only by the characteristics of the cathode-ray 
oscillograph being used. 


Sie ae isa 
— ae 
re ee 


This is the answer to those studies requiring compari- 
son between two or more functions. Maximum time shift 
between the channels of the Type 330 is within one milli- 
microsecond. Both channels may be adjusted for unity 
gain making it a simple matter to superimpose two 
phenomena for very precise time. phase or amplitude 
comparison. 


Three free-running switching rates, IKC, lOKC and 
100KC, or triggered operation allow selection for best 
presentation on the cathode-ray oscillograph. The Type 
330 can be connected into a test setup or disconnected 
as the need arises. 


MAJOR SPECIFICATIONS 








SIGNAL CHANNELS 


20, 40, 100, 200, and 400; accuracy 


I. Sinusoidal Frequency Response: with of attenuators + 2%. 
an output load of 60 uuf,either chan- IV. Output: Level is zero volts d.c. with 
nel, flat to d.c. and down not more no signal or positioning voltage; 
than 3 db at 15 me. positioning controls provide +1 volt 
If. Amplifier Rise Time: with. external of d.c. positioning voltage. 
load of 60 uuf, no greater than 0.022 SWITCHING 
usec. I. Recurrent: Free-running, fixed fre- 
III. Variable Attenuator: Each channel quencies of approximately 1 KC, 10 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


has two series stepped attenuators 
with attenuation ratios of 1, 2, 4, 10, 


KC and 100 KC; Triggered, rate may 
be triggered at 0 to 100 KC rates. 


PRICE $295 


WRITE FOR COMPLETE INFORMATION 


ALLEN B. DU MONT LABORATORIES, INC. 
INSTRUMENT DIVISION 


760 BLOOMFIELD AVENUE e¢ CLIFTON, N. J. 
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Manufacturers 
Publications 





For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source, 





DESIGNING WITH WIRE—“‘How Wire 
Construction Reduces Cost.” an = 12- 
page booklet showing the use of 
wire in product design, contains 36 
illustrated case histories covering such 








applications as motor mounts, fan 
guards, and television components. De- 
scriptions of each before-and-after illus- 
strated case history point up specific 






advantages of wire construction, in- 
cluding economy, reduced _ weight, 
simplified design, and noise and vibra- 
tion reduction. To obtain a copy for 
this brochure, write on company letter- 
head to E. H. Titchener & Co., 67 
Clinton St., Binghamton, N.Y. 


CHICAS 
VIE ULAY 
HERMETICALLY 
SEALED 


TRANSFORMERS 


that meet the full 


NICKEL SILVER AND PHOSPHOR 
BRONZE—Technical data section of a 
60-page general catalog provides in- 
formation on a line of nickel silver and 
phosphor bronze alloy supplied in sheet, 
strip and coils. Data are also provided 
on several special alloys. Engineering 
| data includes tolerance tables for thick- 
| ness, width and straightness of refrac- 
tory alloys. Many reference tables are 
| also included. Complimentary copies 





A complete range of 
MIL-T-27 units is 
available for quick 
delivery from your 
Chicago Standard 


requirements of 


MIL-T-27 


distributor. are available by writing on company 
letterhead to Waterbury Rolling Mills, 
e POWER © AUDIO INPUT © 400 CYCLE Inc., Waterbury, Conn. 
3 frequency ranges Power 
© FILAMENT Filament 
® AUDIO OUTPUT ee 


fr n an POWER AND GAS TUBES — Completely 
ee ee . ey Standard) revised 24-page booklet, ea aes PG- 
e CHOKES e PULSE Raa 101B contains technical data on 178 


vacuum power tubes, including gas, 
ot ; 2rCUury-vé ‘ rac >ctifier 
Ask for the free CHICAGO catalog, listing detailed | MOUNT) YP and vacuum rec 


Op electrical and physical specifications on all these trans- meen: a ane A _ 
SC: formers. Available from your electronic parts distributor | OMS) !#nitrons; and many other type. 


Specifications are provided for each 
type, as well as a base or envelope con- 
nection diagram. In addition, photo- 
graphs show representative tube types. 
| A small fee is charged for this booklet, 


ah lithe or from Chicago Standard Transformer Corporation. 


CHICAGO STANDARD TRANSFORMER CORPORATION 


ADDISON AND ELSTON CHICAGO 18, ILLINOIS a copy of which may be obtained by 
sending 20 cents to Commercial En- 
Export Sales: Roburn Agencies, Inc., 431 Greenwich Street, New York 13, N.Y. gineering, Tube Div., Radio Corporation ' 





of America, Harrison, N. J. 
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ORDER ROEVAR MAGNET WIRE 
PACKAGED FOR 


TOP SPEEO 


IN YOUR PLANT 














NO 


HERE’S A FAMILY PORTRAIT of Roebling pack- bookkeeping and handling—boost winding speeds. 
ages for Roevar Magnet Wire. At left is the time- 


In plants all over America 
honored spool available, of course, in all standard 


, on Roevar Magnet Wire is today’s standard specifica- 
sizes. Next are three fibreboard drums containing 


100, 250 and 500 lbs. of magnet wire. And last is a 
pail — metal — 100 Ib. size. 


tion. Roevar insulation is far tougher than conven- 
tional enamel. It bends and stretches remarkably 
without cracking or loosening from the conductor 


Many users have already converted — or are ... has high resistance to baking temperatures and 
planning to convert—to drums or pails. These big _to the solvents in coil-treating varnishes ...comes 
containers cut down on stoppages and threadings. in sizes #8 to 40 A.W.G. Write for full information 
They eliminate the need of returning spools — save and samples. 






Roebling fibreboard drums and 
the metal pail are non-returna- 
ble. In line with the modern 
trend, they are bringing new 
efficiency and economy to wind- 
ing operations. 


nso 





ROEERILE Nic 


Subsidiary of The Colorado Fuel and fron Corporation [fa] 
A 
JOHN A. ROEBLING’S SONS CORPORATION, TRENTON 2, N. J. ceancHes: ATLANTA, 934 AVONAVE. + BOSTON, 11-15 STILLING ST. + CHICAGO, 5525 


W. ROOSEVELT RD. « CINCINNATI, 3253 FREDONIA AVE. «© CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. * DENVER, 4601 JACKSON ST. + DETROIT, 915 
FISHER BLOG. «© HOUSTON, 6216 NAVIGATION BLVD. « LOS ANGELES, 5340 ©. HARBOR ST. + NEWYORK, 19 RECTOR ST. «+ ODESSA, TEXAS,1920 £.2ND 
ST. © PHILADELPHIA, 230 VINE ST. « PITTSBURGH, 1723 HENRY W. OLIVER BLOG. SAN FRANCISCO, 1740 17TH ST. . SEATTLE, 900 

IST AVE. S. ¢ TULSA, 321 N. CHEYENNE ST. © EXPORT SALES OFFICE, 19 RECTOR ST.,NEW YORK 6, N.Y. 
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Always fasten 


aluminum 
anda 
ALCOA 


Aluminum 


Fasteners 


available at your local ALCOA | 


distributor — fill out coupon 
for complete application 
and specification 





lett == MA 





ALUMINUM COMPANY 
OF AMERICA : 
2241-M Alcoa Building, 
Pittsburgh 19, Pa. 





Gentlemen: 
Please send complete specification data 
and samples of your aluminum fasteners. 


Name 
Title 
Company 


Address 
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Book Reviews 





Electronic Transformers and _ Circuits, 
Second Edition, by Reuben Lee, John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16. 360 pp, 6x 9 in. $7.50. 


Since the appearance of the first edition 
of this book in 1947 there have been 
several important developments, par- 
ticularly in the fields of magnetic 
amplifiers and pulsing circuits. New 
chapters on these subjects have been 
added in the new book, with coverage 
of reactor surges, toroidal cores, r-f 
power supplies, wideband transformers, 
and charging chokes. Several topics that 
proved to be inadequately covered in 
the earlier edition receive fuller treat- 
ment. By the same token, several sub- 
jects have been deleted because of 
thorough coverage elsewhere. Physical 
aspects are emphasized and the treat- 
ment throughout is quantitative. Al- 
though many mathematical equations 
are used, none is unduly complex. 
Numerous examples are solved through- 
out the text. 


The Cooling of Electric Machines and 
Cables, by Theodore de Koning. Zuid 
Nederlandsche Drukkery, s’Hertogen- 
bosch Holland. 233 pp. $5.00 to indi- 
viduals, $15.00 to electrical manu- 
facturers. 


This book is an extension of a series 
of papers delivered by the author be- 
fore the Winter General Meetings of the 
AIEE. At the outset it should be stated 
that it is not a conventional text in that 
it is not the author’s intention to 
describe current methods of cooling and 
their application. Rather, the author 
attempts to show how the shortcomings 
of conventional design practices for the 
cooling of motors and cables can be 
overcome by a new approach to the 
problem. The theories propounded are 
bound to be controversial; however, they 
are worthy of note. 

Specifically, the first section describes 
a vaporization cooling system for large 
electric machines in which water is 
supplied in mist form to the natural 
surfaces bordering the air gap. The 
gap and space surrounding the end 
windings are kept under vacuum. Ad- 
vantages claimed by the author are: 
Elimination of stator air vents; elimina- 
tion of fans and gas filters; and explo- 
sion- and corrosion-proof operation. 
Supplementary sections describe the de- 
sign of a passage-free solid mass rotor 
with small temperature differentials and 


cooler operation stator windings and 
generator leads. 

Also presented is a motor design (for 
motors up to 100 hp) based on the use 
of monocast rotors and stators. Ad- 
vantages cited for this method of con- 
struction are: Exceptionally narrow air 
gap; a better slot filling factor because 
of the centrifugal packing of the stator 
core and elimination of wedges; and 
improved power factor, efficiency and 
cooling. 


Proceedings of the Eleventh Annual Meet- 
ing of the Metal Powder Association, 
1955 edition. The Metal Powder As- 
sociation, 420 Lexington Ave., New 
York 17. Volume I, 113 pp, Volume 
II, 84 pp. $3.00 per volume. 


These two volumes contain all of the 
papers and discussions presented before 
the Metal Powder Association meeting 
last May. Volume | contains the pro- 
ceedings of the general session on pow- 
der metallurgy and papers contained 
therein are confined mostly to fabrica- 
tion and application problems. Included 
are such typical papers as: “Finishing 
and Plating of Metal Powder Parts,” 
“The Economic Production of Metal 
Powder Parts in Small Volume.” and 
“Pre-Alloyed Steel Powders and _ their 
applications.” 

Of greater interest to electronic de- 
signers are the proceedings of the 
electron core session, described in 
Volume II. Papers presented include: 
“The Various Iron Powders Used in 
Electronic Cores,” “Ferrite Antenna 
Cores,” “Investigation Leading to Very 
High Q Coils,” “Applications of Ferrites 
to Memory Systems,” and “Trends in 
Ferrite Core Design for TV Yokes and 
Flybacks.” 


Postcard return cards are pro- 
vided on the pages preceding back 
cover as a convenience to the 
reader in obtaining— 

New Components and Materials 
Additional data from the sup- 
plier of any item reviewed. 

Literature for the Design Engineer 
A copy of any manufacturer's 
publication reviewed. 

Feature Article Reprints 
Single copies of selected feature 
articles. 

Advertised Products 
More information on any _ prod- 
uct or service described. 
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Demand sparks Production records 


9 of G-E Germanium 
onsistently higher 
—brings rectifier 


Controlled Processin 


Rectifiers produces c 
quality components 
Prices down, 





G-E Germanium Rectifier Production 
Breaks the 5 Million Mark 


Customer requirements accelerate the production of a full 
line of highly reliable, long-life germanium rectifiers 


HE NEW germanium rectifiers were introduced by General Electric 
7; 1952 and since then more than 5 million units have been pro- 
duced for industrial and military needs. In effect, this achievement 
represents more than ten billion hours of rectifier life—in hundreds of 
diversified commercial and military applications. 


PROVED QUALITY ! Of the 5,000,000 rectifiers produced, 
only a fraction of 1% have required adjustment under 
the terms of General Electric’s full year warranty! 


Wide Range of Designs. G-E rectifiers are available in a broad range 
of designs for many applications—for electronic computers, control 
equipment, power supply units, magnetic amplifiers; for military and 
industrial needs requiring custom designs; and for almost any appli- 
cation where DC power is required. G-E Germanium Rectifiers are 
more compact, and weigh less—as much as 75% less than comparable 
rectifiers of other types—and meet the rigid requirements for perform- 
ance established by the U. S. Navy, Air Force, and Signal Corps. What's 
more, G-E Germanium Rectifiers are warranted for one full year. 


immediate Delivery. Mass production assures fast delivery on all G-E 
Germanium Rectifiers regardless of quantity. For complete informa- 
tion concerning your rectifier needs, contact your G-E Semiconductor 
Representative. Or, write: Gezeral Electric Company, Semiconductor 
Products, Section X80125, Electronics Park, Syracuse, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


READER INQUIRY SERVICE CARDS. PRECEDING BAC K COVER 


vs 


P. 
Diffused Junction Germanium Rectifiers 
combine very high forward conductance 
with very high back resistance. The high 
temperature and magnetic amplifier recti- 
fiers feature very low reverse current rat- 
ings at ambient temperatures of 85°C. 





Power of the basic rectifier unit is 
boosted 5 times by adding a copper fin. 
Stacked one to twelve fins in series or par- 
allel, the rectifier may be operated as half 
wave, full wave, or bridge circuits, and 
many other types of single or polyphase 
circuits. Typical power ratings are as high 
as 3 amps @ 190 volts; 1.3 amps @ 575 
volts; 3.6 amps @ 140 volts, etc. 





The Medium Power Rectifier has a 5 amp 
rating at 200 volts (55°C). At 85°C it is 
rated 2.5 amps at 100 volts. These recti- 
fiers, stacked in series or parallel, have rat- 
ings in thousands of watts depending on 
the design of the circuit. 
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MERCURY SWITCH EQUIPPED 


RELAY 
ll ie alae 


a A 
SS 


Ce PEETL ERE Ee Lhe 





rertiith Mercoid Relay 


eT hy ¥ , 
rots ee 


SERWICE 


The control which senses the alarm circuit 
is Connected in series with the primary 
coil of the relay. The alarm control 





closes its circuit to supply current to the 





relay primary coil and through the nor- 





mally closed mercury switch of the relay 
to the Audible or Visual Alarm. Pushing 
the manual button of the relay (or 
through a momentary contact by a 
remote switch connected to the pilot 







circuit) causes the secondary coil to 





move upward, opening the normally 





closed mercury switch and stopping the 
Alarm. A lock circuit in the relay holds 
the alarm circuit open as long as current 
is supplied to the primary coil of the 
relay. When the alarm control opens 







its Circuit interrupting the current to the 
relay primary coil, the magnetic repul- 
sion holding the relay secondary coil up 






is interrupted and the secondary coil 
drops from its own weight. The alarm 
circuit sequence is thus reestablished 
automatically and is ready for another 
operation at the demand of the alarm 
control. 





















Available for 115, 230 or 
440V. A.C. current or similar 
D.C. voltages 





Our engineers are at your service— 
send in your control problem or 


WRITE FOR BULLETIN CA-8R 


THE MERCOID CORPORATION 


4211Belmont Ave., Chicago41, Ill. 
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Men in Industry 





Maurice S. Hartley has assumed the 
post of director of engineering for San- 
born Co., Cambridge, Mass., an em- 
ployee-owned, profit-sharing firm that 
manufactures medical and_ industrial 
precision instruments. 

Mr. Hartley formerly was product 
manager for Raytheon Manufacturing 
Co. Volunteering for service in the 
Canadian Navy in 1939, he was one of 


Wagner Electric Corp., St. Louis. 
Mo. has appointed Paul C. Ford chief 
engineer of its Electrical Division, to 
succeed C. P. Potter, who is retiring 
after more than 46 years with Wagner. 
Mr. Ford, who was graduated with a 
B. S. in electrical engineering from 
Purdue University, most recently served 
as assistant manager of Wagner's Trans- 
former Engineering Division. 





MAURICE S. HARTLEY 


the first group of 22 men to offer their 
services to the Royal Navy to assist in 
the British radar program, later as- 
suming responsibility for the Canadian 
Navy’s radar operations and, following 
VE Day, participating in the investiga- 
tion of German electronics. 


Robert L. Wolff has been elected vice 
president in charge of engineering of 
the Centralab Division of Globe-Union 
Inc., Milwaukee, Wis. With the com- 
pany since 1937, Wolff has been serving 
as director of Centralab Products engi- 
neering since 1951. 


Daniel T. Gundersen has been ad- 
vanced to vice president in charge of 
engineering and production of the J. 
B. Rea Co., Ine., electronics manufac- 
turer of Santa Monica, Calif. Mr. Gun- 
dersen, who joined the firm as chief 
engineer in 1954, was formerly chief 
administrative engineer for the Cook 
Research Laboratories Division of the 
Cook Electric Co., and chief engineer 
for the Askania Regulator Co. 


New manager of the Administrative 
Engineering Department of the Special 
Products Division at the Burroughs 
Corp.’s Research Center in Paoli, Pa.. 
is Howell K. Fesq. A graduate of Michi- 
gan State and New York University. 
Mr. Fesq has been a staff engineer with 
Sperry Gyroscope Co. and senior pro- 
ject engineer with Curtiss-Wright 
Rocket Division. 


PAUL C. FORD 


Mr. Potter, who will remain with 
Wagner in a consulting capacity until 
the first of the year, has been active 
for 25 years in the various groups of 
the Motor and Generator Section of 
NEMA. With Wagner since 1909, he 
served as chief engineer of the Elec- 
trical Division for nine years. 


Dr. William N. Carson, Jr. has been 
appointed technical director of The 
Commonwealth Engineering Company 
of Ohio, Dayton, Ohio. Dr. Carson, was 
associated for 7 years with the Hanford 
Atomic Products operation of General 
Electric at Richland, Wash. He received 
his doctorate from Ohio State Univer- 
sity. At Commonwealth he will direct 
research programs for the armed 
forces and industry. 

Albert H. Clarke, commercial vice 
president of Crouse-Hinds Co., Syra- 
cuse, N.Y., has been named vice presi- 
dent in charge of engineering, succeed- 
ing Carl H. Bissell, who is retiring after 
53 years of company service. Mr. Clarke 
is a Fellow in the Illuminating Engi- 
neering Society and current chairman 
of NEMA’s Floodlighting Section. 

In another move, the company ad- 
vanced J. R. Petree, assistant chief en- 
gineer, to chief engineer. 

To fill the newly created post 0! 
assistant general manager, Associated 
Missile Products Corp. has selected 
Earl R. Skaggs, formerly its vice presi- 
dent and director of product engineer- 
ing. 
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no ketchup needed 


When a predestined steer meets a dedicated chef ... man, that’s steak! 
If steer or chef is bad (and double trouble if both) ... ketchup can’t help. 
Now comes the commercial. 


Take the best available materials (sifted by unrelenting research). 

Season with the same inventiveness used by Dr. A. O. Beckman to develop 
the precision potentiometer in 1940 (we’ve never switched brands). 

Add assembly-line economies without compromising quality. Test and 
retest in the industry’s most complete lab. Inspect a dozen times 

(too many cooks can’t spoil this broth). Pack well. Ship on schedule. 


Man, that’s a HELIPOT precision potentiometer ...no ketchup needed! 






/ & Sirst in precision potentiometers Helipot makes precision potentiometers... 

| | | | 5 Helipot Corporation / South Pasadena, California linear and non-linear ...in the widest choice 

\ ] \ ] Engineering representatives in principal cities of sizes, mounting styles and resistances. 
SOSA KA @ acvtsion of BECKMAN INSTRUMENTS, INC. Many models are stecked for immediate 
SEZ 





shipment...our engineers will gladly adapt 
standard models to your requirements... 
or design entirely new HELIPOT* precision 
potentiometers for you. 

For information and specifications... 
836 *REG. U.S. PAT. OFF write for data file 1202. 
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= ; a 
subsidiary of American Machine and 


2 s Dr. Joseph Tampico, vice president and 
former director of research and devel. 
opment has been made the firm’s dj. 
rector of engineering. The company, 

& 
x Foundry, has been in existence ¥ 
nig rec rding months and specializes in missile test 
and handling equipment. 
Worthington Corp., Harrison, N. * 
sus ems has elevated George F. Habach to vice 
president in charge of engineering, with 


POSITION full administrative responsibility fo, 


the corporation’s engineering ac ivitiec 
: ‘ : e £ activities, 
DESIGNED ... DELIVERED including research and development. A 


... IN OPERATION* ; ager . 
PRESSURE graduate of Stevens Institute of Tech. 
* WIND TUNNEL INSTRUMENTATION 


e RADAR AND SONAR TRACKING DEVICES 


e AUTOMATIC COMPUTER INPUT 
FORCE e WEIGHT DISPLAY AND RECORDING 
e GAS DYNAMICS RESEARCH 


e ENVIRONMENTAL TESTING 


e ENGINE TEST FACILITIES 
WEIGHT 





“NAMES ON REQUEST 





GEORGE F. HABACH 


nology, receiving subsequently a mas- 
ter’s degree in mechanical engineering 
from Polytechnic Institute of Brooklyn. 
Mr. Habach has served as chief engi- 
neer of Worthington’s Centrifugal 
Pump Department and, more recently. 
as manager of engineering of the Harri- 
son Division. 


The Mechanical Division of General 
Mills, Inc., Minneapolis, Minn., has 





| added L. K. Lee and George H. Geick 
eee ee 7 | to its staff. Mr. Lee, formerly headed 
| the advanced techniques laboratory at 


Stanford Research Institute, will serve 
as technical advisor to the firm’s engi- 
neering research and development de- 
partment. He _ will concentrate on 





eM TYPEWRIT M MMARY PUNCH 


a reese - design for automation. Mr. Geick. 
formerly an Emerso io executive. 
FOR PRINTED TAPE, TYPEWRITER TABULATION OR PUNCHED CARD RECORDS . : son Radio 1 
will be assistant manager of systems 
ale Giannini digital data handling and recording systems analysis. 


4” can be adapted to many additional processes that 
require rapid and/or continuous recording of pre- 
cise information. Utilizing simple, reliable electro- ils inc tt eoneieiiin wake 
mechanical instruments, Giannini systems have been a a ae oe ? Elec :. eal 
chosen for applications requiring extreme reliability ne _ oo seems a 

and accuracy. Write us concerning your data han- Laboratories of the Electric Boat Divi- 
dling problems— Literature available upon request. sion of the General Dynamics Corp.. 

has joined the Research Center of the 

Burroughs Corp. in the Techniques 

DATE X newsnenn Department of the Special Products 
Division. In this capacity he will work 

in systems development and research 


Frank P. Simmons, who was respon- 





REGIONAL SALES OFFICES: Empire STATE BLoG., New YorK 1, N.Y. ¢ CHICKERING 4-470U and will teach a seminar for the Re- 
8 So. MICHIGAN AVE., CHICAGO, ILL, ¢ ANDOVER 3-5272 search Center education program on 
1307 So. MyrTLe Ave., Monrovia, CALiF. ¢ ELLIOTT 9-5381 “The Application of Boolean Algebra 
G.M. GIANNINI & CO.,INC.« PASADENA 1, CALIFORNIA to Switching Circuits.” 
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Scale to sell 


CASE HISTORIES FROM 
MT. VERNON FILES 


Manufacture a laboratory balance as accu- 
rate, as fine-looking as this Ohaus Cent-O- 
Gram* — capacity 311 grams, sensitivity to 
.01 gram —to sell for only $29.50? Realis- 
tically, you'd have said it was impossible — 
but here it it! 


To produce such an outstanding value in a 
precision instrument requires all the top level 
design and production abilities that can be 
mustered. The two principal parts of this bal- 
ance — base and support brackets — were 
designed to obtain all the advantages of die 
casting: — thin wall sections of great strength 
and rigidity, negligible machining, high speed 
production, low cost. 

And low cost means low first cost too; that's 
why Mt. Vernon has been a constant supplier 
to Ohaus for many years. From die cost to 
finished casting, Mt. Vernon has both the com- 
plete die casting service and the facilities it 
takes to produce parts like these at minimum 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


cost in any quantity. We have 162,000 square 
feet of the most modern equipment for mak- 
ing dies and for die casting aluminum and 
zinc. Mt. Vernon service comprises completely 
coordinated designing, die-making, casting, 
and machining, all under one roof. 


It will pay you to bring your production 
specifications to us. We may show you, as we 
did Ohaus, the way to important cost reduc- 
tions and improved products. 


MT. VERNON 
DIE CASTING CORP. 


STAMFORD, CONNECTICUT 


*Manufactured by Ohaus Scale Corporation, Union, N. J. 








Company 
Briefs 





Parker-Kalon Division, General Ameri- 
can Transportation Corp. is moving from 
New York to its new 267,000 sq-ft 
plant in Clifton, N. J., one of the 
largest plants devoted exclusively to 
the manufacture of fasteners. Complete 
transfer of operations is expected to be 
eer at) on waste completed in the coming weeks, with 
production the general offices transferring from 200 A 
Varick St.. New York City, to the new 
facility by about the middle of this 
month. 






Cut down 


In addition to production and engi- 
neering facilities, the new plant con- 
tains completely independent laboratory 
facilities for research and development. 


Washington Machine and Tool Works, 
Inc., Minneapolis, has organized a new 
division for the engineering and manu- 
Automation can give you the jump on competition 

. and selection of the “right” industrial time con- 
trols can make a big difference in increased 
efficiency and reduced manufacturing costs. The 
AEMCO units listed below are just a few of the 
standard models which today occupy an important 
place in the nation's industry. Should you have a 
particular design problem which would not permit 
the application of a standard unit, write to our 
Engineering Department for information and quota- 
tions on your specialized problems. 


facture of elctronic and electromechan- 
ical devices and systems, to be known 
as General Components Co. Precision 
rotary and linear-travel potentiometers 
are among the first products to be 
marketed. Plans are proceeding for the 
acquisition of a new building to house 
the expanded facilities of the company, 
presently located at 1001 Washington 
Ave. South, Minneapolis. Minn. 





UE 
ht 3 
CONTROLS 





More “on” and “‘off"’ operations per cycle! 


CYCLE MASTER TIME SWITCH 


Not just a time switch, the "Cycle Master" 
may be used as a timer as well. Up to 48 
separate ‘‘on"’ and “‘off'’ operations per 
cycle—available in 1, 12, or 24 hour cycling 
models. Time intervals between “‘on'’ and 
“off'’ operations of 372 seconds on the | 
hour units adjustable up to 15 minutes on the 
24 hour units by inserting pins. With or 
without skip-a-day feature in 10 and 20 
amp. capacities. Also available with slide 
trippers; however, number of ‘'on"’ and “‘off' 
operations per cycle will be reduced ac- 
cordingly. 


National Electronics. Inc., Geneva, 







Ill. is constructing plant additions pro- ' 
viding a 60 per cent increase in total 

floor space. The company manufactures 
industrial electron tubes. 


Opening of a new district office in 
Birmingham. Ala. has been announced J 
by Century Electric Co., St. Louis. Mo. 





The new office. under the direction of 


AR & MAR AUTOMATIC N. Cardella. is to be located at 83 
RE-SET TIMERS North 19th St. 


Neat, compact, easy-to-set. 


MAR series available in cycles 
fy) 


MARA AUTOMATIC 


RE-SET TIMERS Ohmite Manufacturing Co., producer 


from 30 seconds up to 1 hour. ‘cal \I 
: s The AR unit is available in cycles ress S ostats. <¢ ‘lectrica 
Actually two inter-connected adjustable or 1 wae ma 96 eae 10 of resistors. rheo a er a ef 
timers, the MARA Series units permit varying amp. capacity —all models ( ontrol equipment, W ill now manulac- 
not only the ‘‘on"’ and ‘‘off"’ periods, but also feature rapid re-cycle. . | , | > th 
the length of the complete cycle. Units may 7 , ture Amrecon relay s, previously made 
be varied, for example to “'on"’ 6 hours— . js 
tht , rols, Inc., for 
off"’ for 2 hours. This series may be supplied by American Relay & Controls en 


to operate in cycles from 10 seconds to 108 merlvy a §subsidiarv of Ohmite. The la 
hours. Should either open or closed circuits 


require a short interval, one timer is provided WRITE TODAY relays will now be known as ¢ )hmite 
with an extremely short time cycle for pre- 





cu 
lf you have a particular design or control problem PS. Da Bisianie . . inue to 
cise accuracy. Steel case measures 8”x we will be happy to help you solve it with a Amrecon Relays and will contin t f 
$”x4/2”—equipped with a lockable standard or custom AEMCO timer. For complete be produced at the new Ohmite plant 
tal h . i i i : : . . . 
5 tai eee at 3601 Howard St., Skokie, Til. al 
W 
Consolidated Vacuum Corp., Pasadena, \\ 
- AUTOMATIC ELECTRIC MANUFACTURING co. Calif., wholly owned subsidiary of Con- 
olidated Engineering Corp. has been 
© 45 STATE STREET ° MANKATO, MINNESOTA 7 Eng g P a B 
‘ Top > « > . nr « ) é 
. TIME SWITCHES e@ INTERVAL TIMERS e@ SIGN FLASHERS e RELAYS e CONTACTORS merge d with the parent corpora ao * 
PPP ee ; will be known as the ConVac Division 
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BAKELITE Epoxy Resin, mixed with 
hardener, is poured into place, without 
harm to fragile elements in the assembly. 

The mixture will cure with excellent “ 
adhesion to metal, ceramics or glass, 
bonding them firmly in position, 


POURED 


AS A LIQUID™ CREVICE 
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BAKELITE Epoxy Resins can cure at 
room temperature —another advantage 
where parts would be damaged by high 
temperatures needed to set other pot- 


ting materials. Oven curing at low tem- 


HARDENS 
WITHOUT 
HEAT 


KEEPS 
ASSEMBLY 
SAFE 


peratures may be used for more com- 
pl te reaction, 


Potting and encapsulating with BAKELITE 
delicate electrical assemblies stronger, 


Manv electrical assemblies seem to grow more fragile as they become more 
efficient. But BAKELITE Brand E poxy Resins are making them more serviceable 


than ever. Three different tvpes of these resins are available for potting and 
encapsulating techniques. They can be cured by any of four specially formu- 
lated BakeLirE Epoxy hardeners designed to give a variety of viscosities and 
curing speeds, or by several conventional catalysts. We can help you pick the 
combination with the best set of properties for your product. In addition, there 
are BAKELITE Phenolic and Polyester Resins ideally suited to give you the 
widest selection of materials available 


Write Dept. 


. Find out what all these resins can do. 
BL-D2. 


BAKELITE COMPANY, 


The term BAKELITE and the Trefoil Symbol are 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


FILLS EVERY 


A Division of Union Carbide and Carbon Corporation [T[q{g 30 East 
registered trade-marks of UCC 


Low viscosity permits BAKELITE Epoxy 
Resin—hardener combination to pene- 
trate extreme ly minute cavities. Air en- 
trapment is minimized. Vibration or 
centrifugal casting reduces it further, 
aids in filling, and eliminates bubbles. 





Cured Bake ire Epoxy Resin resists 
shocks, chemicals, moisture. It keeps the 
assembly solidly embedded, safe from 
external hazards. Resin shrinkage is so 
slight as to be unimportant for most ap- 
plications, but can be further reduced 
by use of fillers. 


Epoxy Resins make 
easier to handle 





mm 


/ BAKELITE \, 


EPOXY RESINS 





42nd Street, New York 17, N. Y. 
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TIME 


a highly 
accyrate 
electrical stop 
clock... 


ats 14a TE) 
ASSURES FAST, POSITIVE 
CLUTCH ACTION — | 
PREVENTS SLIPPAGE // 
OR OVERRUN. v 


STAM tale lols uae Thode 
gear combined with fine gear teeth 
provides the instant response 
necessary for a timing accuracy of 
+ .01 seconds on the 60-second 
timer, and + .005 minutes on the 
el me Le 


On the dial face, a large sweep 
hand makes possible fast, exact 
readings from the outer scale, 
while an accumulator pointer re- 


cords larger time units on a sepa- 
rate scale in the center of the dial. 


SPECIALISTS 


TIMING 


—s 


BOX 8, 


CENTERBROOK, 


Type 690... 


This compact unit is available 
for AC or DC operation in 
commercial and military ap- 
plications. It is used in labora- 
tory experimentation, for test- 
ing communications equipment 
and systems, and in the field 
of nuclear research, as well as 
for timing critical industrial 


processes. 


For complete information on 
the Type 690, write for bul- 
letin PB-610. 


TIME CONTROL 


The R. W. CRAMER CO., Yue. 





CONNECTICUT 


of Consolidated. No change in the poli- 


cies, Management, or personnel will 
result from the merger. The new divi- 
sion manufactures high vacuum equip- 


ment. 


Perfection Spring Manufacturing Co, 
has opened a new plant for the design 
and manufacture of precision springs 


at 3354 North Pulaski Rd., Chicago, 


Johns-Manville, New York, is split- 
ting its present Industrial Products 
Division into three new operating divi- 
sions, one of which will be the Indus- 
trial Insulations Division. General man- 
ager of the new Industrial Insulations 
Division will be Don L. Hinmon. who 
has also been elected vice president of 
Johns-Manville Sales Corp. His division 
will be responsible for the production 
and sales of such products as thermal 
and electrical insulations. This change, 
becomes effective Jan. 1, 1956. 


Purchase of a controlling interest in 
Phebco, Inc., Baltimore, Md. electronics 
firm has been announced by The Hoover 
Co., North Canton, Ohio, maker of 
electric cleaners and other appliances. 
Phebco specializes in designing and 
making electronic equipment for in- 
dustrial use, radar and guided missiles. 
No changes in the personnel or in the 
company’s current research and _ pro- 
duction program is contemplated at this 
time: later, some of its work will be 
coordinated with what the 
organization is doing. 


Hoover 


Chromalloy Corp. of New York has 
changed its company name to Chrom- 
alloy Corporation to indicate in_ its 
corporate name the nation-wide scope 
of the activities of the White Plains, 
N. Y., company. The firm’s Chromal- 
lizing process is a method for increas- 
ing the heat, wear and_ corrosion 
resistance of ferrous metals by high- 
temperature diffusion of chromium into 
the surface. 


Jack & Heintz, Inc., Cleveland, Ohio 
will move its Dayton, Ohio offices to 
Rooms 1325-27, Third National Bldg., 
34 North Main St., Dayton 2, Ohio. 


Bourns Laboratories, Riverside, Calif., 
manufacturer of precision potentiom- 
eter instruments, has added a_ subsi- 
diary plant in Ames, Iowa, devoted to 
the manufacture of miniature instru- 
ments. 


Alto Scientific Co., electronic and 
electro-mechanical development and 
manufacturing firm, is celebrating its 
first year of operation in a new plant 
and laboratory in- Palo Alto, Calif. 
The new office and plant at 855 Com- 
mercial St., has been designed for elec- 
tronic research, pre-production work in 
manufacturing. 
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24-hour service on 













Sintered Alnico is made 
from powdered metal 


which is pressed: into 
shape, then sintered 


in special sintering 


furnaces. 


bars 














we 
SINTERED ALNICO MAGNETS 
.. from stock 7 
Indiana Sintered Permanent Magnets are Sintered Catalog No.12-B12. Or, if you’re not 
available for your development work in sure what type of magnet or grade of mate- 
dozens of standard sizes and shapes. rial to use, consult Indiana’s engineers for 
Fast,24-hour shipmenton SinteredAlnico their recommendations, without obligation, 
I] Magnets can be made from stock.Sintered — of course. Their 47 years of experience in 
permanent magnets are also available, on designing magnets for some 40,000 designs 
special order, in Alnico gradesIV,V,and VI. _ is your assurance that the most efficient and 
For a complete assortment of sizes and economical magnet is chosen for your 
shapes to choose from, write for 12-page — product. 
Sintered Alnico 
ALNICO ALNIC( ALNICO ALNICO 
fl N ry] I A N A PROPERTIES m _ IV oe eae 
; Residual induction (minimum) Br Gausses | 6900 5200 | 10500 8800 
P E R | a a 4 Ee Ly Coercive force (minimum) Hc Oersteds 520 700 600 780 
aol A G a ia T A Energy product (minimum) BdHd max x 10° 1.45 1.2 a0 3.0 
a 
Peak magnetizing force—Oersteds 2000 3000 3000 3000 


j 
i 







Weight—Ib/cu. in. Mechanical properties | ard iy | heed. bigeg. 
THE INDIANA STEEL PRODUCTS COMPANY - L LL ns ae 








NG 


VALPARAISO, INDIANA 


*Alnico I! only, available from stock 







World’s 


rounds 
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SEYMOUR 
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in Quantity 


Seymour has long been 
famous as a producer of 
precision quality Brass 


suitable for select users. 


Now Seymour offers the 
same top quality brass 
in a wider range of sizes 
and tolerances to ALL 


industry. 


With new, modern pro- 
duction facilities, 
Seymour is now pre- 
pared to fill QUANTITY 
ORDERS of top quality 
brass in sheet, strip and 


wire form. 


Remember... 
“You can save more with 
Seymour's top quality 


brass”. 


Seymour also makes... 
NICKEL SILVER °* 
PHOSPHOR BRONZE * 


WELDING RODS « NICKEL 
ANODES ¢ BRIGHT NICKEL 
for Plating. 





THE SEYMOUR MFG. CO. 
SEYMOUR, CONN. 





Abstract and Comment 





Expansion of Electrical Output and Nuclear 
Power Plants Seen by Sylvania Executives 


BoTH THE NATION’S USE OF ELECTRICITY 
and the output of electric products 
will double in the next ten years, ac- 
cording to Frank J. Healy, Vice Presi- 
dent—Operations of Sylvania Eleetric 
Products Inc. He told the Security 
Analysts of Los Angeles at a recent 
meeting that the nation’s current annual 
consumption rate of more than 400 
billion kilowatt-hours will double in 
the next ten years and may reach a 
trillion killowatt-hours by 1970. Eight 
years ago, the combined electrical-elec- 
tronics manufacturing fields constituted 
a $6 billion business annually, and 
today their combined rate is about $16 
billion. Ten years from now these in- 
dustries should be in the $30 billion 
category. 

The electronics industry alone, which 
Healy called the fastest growing seg- 
ment of the vast industry around electric 
power, today is a $9 billion industry. 


counting television, radio, commercial 
electronics, military electronics, broad- 
casting and related areas. Within four 
or five years, the electronics industry’s 
total sales and revenues should be up 
to $15 billion, and by 1964 will be $20 
billion, more than twice what it is today, 

Stanley B. Roboff, manager of in- 
dustrial coordination for Sylvania’s 
Atomic Energy Division, estimated that 
by 1960, one-half of one per cent of 
the country’s total generating capacity 
will be nuclear powered and by 1970 it 
will be 5 per cent. In 1980, although 
only 17 per cent of the generating capa- 
city will be nuclear powered, represent- 
ing a probable investment of $14 billion, 
well over 50 per cent of the power 
plants built during that year will be 
atomic powered. By 1975, the produc- 
tion of atomic fuels and related activi- 
ties will exceed $500 million a year, and 
by 1985 will be measured in the billions 


of dollars. 9:06 


NBS Instruments Reference Service 


THE LITERATURE SEARCH PROBLEM in 
the field of instrumentation has been 
especially burdensome for such reasons 
as poor organization of the literature, 
lack of coverage by abstracting and in- 
dexing services, and the absence of 
suitable classification systems. To re- 
duce the work of searching instrumen- 
tation literature, the National Bureau 
of Standards has developed an indexing 
system which is referred to as the 
multi-dimensional or multi-aspect ap- 
proach. It is used in a newly installed 
instruments reference service which is 
presently available to government 
agencies. The system is based on the 
realization that the same information 
may be sought from many 
view. Thus, it is 


points of 
designed so that 
the required information can be found 
at the common focus of a number of 
such search viewpoints. 

Several considerations led to the 
selection of a hand-manipulated punch- 
ed-card method which is the converse 
of the more conventional punched-card 
system. The method appears to have 
been conceived some years ago, perhaps 


independently, in France, England, and 
the United States. Usually in punched- 
card systems a card represents a docu- 
ment, and the index terms assigned to 
that document are noted by punching 
holes or notches at appropriate posi- 
tions on the card. In the converse sys- 
tem used by NBS, a card represents an 
index term, and the identity of the 
document to which that term applies is 
noted by punching a hole at the 
appropriate location on the card. The 
location of the hole is determined by 
the serial number assigned to the 
document. As applied to instrumentation 
information, the system comprises 4 
set of index cards. a manually operated 
punch, and a reading illuminator. 

The new index system uses 5 x 8-in. 
cards with a corner clipped from each 
to permit quick unambiguous orienta- 
tion. Each card carries an index term 
in its upper left-hand corner. The 
cards are filed alphabetically within 
the following categories (the approx- 
imate number of terms in each category 
is given in the parentheses) : 

1. Measurand (condition, phys- 
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ral cuts Radio-TV production costs...! 


BLY IS A SNAP! 


lage 


| NEW federal 


CLIP-IN RECTIFIERS 


Spring-steel clip eliminates ! Lock rigidi y in place ec5e 
bolting rectifier to chassis! | yet are instantly removable ! 


een. 








Steel spurs and powerful, 
curved counter-springs 
grip chassis wall tightly. 
A rigidly-locked, 
wobble-free mounting 
results... yet the 
rectifier can be 

easily removed by 
compressing the 

release prongs. 


ADVANTAGES FOR MANUFACTURERS: 


e Cut production costs. @ No need for nut-driving power 
e Increase speed of assembly. tools. 
(Using both hands, rectifiers can 
even be mounted two at a time.) 
e Mounting nuts and lock wash- 
ers are eliminated. @ Simple chassis cut-outs. 


ADVANTAGES FOR SERVICEMEN: 


e Rectifiers are easily removable e Clip-in mounts are self-adjust- 
from the accessible side of the ing to all chassis thicknesses. 
chassis . . . unnecessary to pull » Terminals take both soldered 
the chassis. and solderless connections. 


e No more stripped threads, 
jammed studs or skewed plates. 


Why not send for more information before you consider any further 
expenditures for tooling. Call NUtley 2-3600 or write to Dept. F-316. 


Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD « CLIFTON, N. J. 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 
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LOW and constant 
contact drop 
LOW 
electrical noise 
HIGH 
current density 
LONG life... 


Toe USE EEE Ei 





BRUSHES 
CONTACTS 
OLIP RINGS 


& Slip Ring Assemblies 


BRUSH HOLDERS, CONTACT ASSEMBLIES, 
BRUSH ASSEMBLIES bel 


; @ : 
| ‘ == H % (\, 
— — Y 
5 F 


2 ’ Qp 
USED EXTENSIVELY IN: 


SERVOS * GUN-FIRE CONTROLS 
TELEMETERING - ROTATING 
THERMOCOUPLE and STRAIN 
GAGE CIRCUITS - ROTATING 
JOINTS - DYNAMOTORS 


Wide range of grades available for standard 
and special applications. Call on our 40 years of 
design experience to help solve your problems 


OTHER GRAPHALLOY 
PRODUCTS: Unique (oil- 


free) self-lubricating Bushings 
and Bearings (applicable —450° 
to +700°F.; with expansion co- 
efficient half that of steel will not 
seize shaft at low temperature); 
Oil-free Piston Rings, Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 





“ pe 
APHITE METALLIZING CORPORATION 
1059 Nepperhan Ave. * YONKERS, NEW YORK 


[_] Piease send data on Graphalloy BRUSHES and CONTACTS. 
C} Send data on BUSHINGS. 





NAME & TITLE 
A 
COMPANY 


STREET 


ical property, quality, quan- 
tity, factor or effect to be 
measured or controlled) (255) 


2. Principle of operation (289) 
3. Object (the material or 
thing on which observations 


are being made) (76) 


4. Name of instrument, com- 
ponent, or accessory — 


5. Field of application (52) 


6. Stage in instrument develop- 
ment sequence (21) 


7. Function in measurement 
or control (49) 


8. Character of document (re- 
view, bibliography, patent. 
Government report ) (21) 


- 


Instrument performance 
characteristics and ranges (100) 


10. Limitations on measurand (183) 


Also under consideration is an addi- 
tional category to provide an author 
index coded in terms of the first few 
letters of the author’s name. The card 
file can be expanded to include new 
terms as desired. Terms which are 
found to be ineffective can be eliminated 
at will. This flexibility is an important 
advantage of the system. 

{n integral part of the index is a 
catalog of terms appropriate to each 
category. In operation, a classifier se- 
lects those descriptive index terms 
which most aptly indicate the informa- 
tion contained in the document to be 
indexed. No restrictions are pla¢ed on 
the total number of such terms which 
may be associated with a single ref- 
erence. 


Punching and Reading Cards 

The punch operator inserts separately 
into the punching machine each of the 
cards containing the terms chosen to 
index a given document. The machine 
positions the card and punches a small 
hole in it at a position determined by 
the serial number of the document. 
Each associated card then has a hole in 
the same grid position. The cards are 
returned to the file, the machine is set 
to the next grid position, and the system 
is ready for indexing another document. 
Since the grid pattern provides a total 
of 18,000 punch positions. one set of 
index cards can accommodate a collec- 
tion of 18,000 references. 

To carry out a document search, the 
investigator removes from the file the 
cards containing the index terms as- 
sociated with the type of references he 
is seeking. These cards are placed on a 


plastic reading illuminator which prop. 
erly aligns them. Any holes common 
to all the cards will then be seen as 
small spots of light. The positions of 
these visible bright spots identify ref. 
erences common to all the selected 
cards. which are therefore the refer. 
O00 


ences sought. 


Patent Examiners Needed 


Immediate appointments as patent ex. 
aminer in the U. S. Patent Office are 
available to engineers and_ scientists 
having the necessary qualifications. In 
a recent address to the New York 
Patent Law Association, Robert C. Wat- 
son, Commissioner of Patents, pointed 
out that serious delays in processing 
patent applications can only be over- 
come by increasing the staff of ex. 
aminers and thus reduce the present 
backlog. 

The salaries for examiners start at 
$4345 a year, and it is possible to reach 
a salary of $7570 in five and one-half 
years. The Patent Office also offers 
liberal vacations and sick leave and 
pension benefits. 

Engineers and scientists holding a 
college degree in engineering or applied 
science, or a degree with a major in 
chemistry or physics, or with certain 
combined credits in these fields, are 
elegible for appointment as patent ex- 
aminers upon application to the Com- 
missioner of Patents in Washington. 

More than 100 new patent examiners 
have been added to the examining staff 
since June of this year and it is planned 
to build this number up to 350 by the 
end of 1956. 1 Ge 


Step Motor Used In 
Digital Positioning Control 


(Continued from page 153) 





is not excessively thick, and the spoked 
construction helps. In this motor every 
alternate stator pole is wound, but each 
pole may be wound if desired. 

The motor is adapted for moderate 
speed, high-torque loads. Its stepping 
rate may be varied from zero on up 
to more than 100,000 steps per minute. 
This high stepping speed makes the 
motor practical as a digital control 
device. [ts speed-torque characteristic 
can in many applications eliminate the 
need for gear reducers. 

The number of poles in each stator 
and rotor phase is arbitrarily chosen at 
36 for the three motors shown driving 
the milling machine feed motions. This 
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CTC’s coil forms pass their physical 
exams in great shape — thanks to pre- 
cision manufacture. 

The basic materials of these forms 
are certified, then checked again by us, 
before the forms are made. Each manu- 
facturing detail is quality controlled to 
the high quality standards that enable 
us to offer guaranteed electronic com- 
ponents, custom or standard. 

Forms then get these physical check- 
ups: mounting studs checked for in- 
ternal and external threads, for general 
size and electroplating; form checked 
for I.D., O.D. and concentricity; slug 
checked for threads, dimensions, elec- 
troplating and checked electrically for 
Q and permeability; final assembly 
checked for tightness, chips and cracks. 

Other CTC components benefiting 
from CTC precision manufacture in- 
clude terminal boards, terminals, ca- 
pacitors, swagers, hardware, insulated 
terminals and coils. For all specifica- 
tions and prices, write to Cambridge 
Thermionic Corporation, 453 Concord 


Avenue, Cambridge 38, Massachusetts. 
West Coast Manufacturers contact: 
E.. V. Roberts, 5068 West Washington 
Blvd., Los Angeles 16 and 988 Market 
St., San Francisco, California. 


Coil Form Data: Made of grade L-5 silicone im- 
pregnated ceramic. Winding diameters from .205” 
to 4%”. Mounted heights from !%2” to 1''45”. Cer- 
tain forms, known as Type C, are also available 
with silicone fibreglas terminal retaining collars 
permitting 2 to 4 terminals. These are excellent 
for bifilar windings and advantageous for single 
pie windings because they permit terminals to be 
located above or below winding, thus shortening 
wiring to circuit elements. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 
custom or standard 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Laboratory Coil Kit. Type X2060 aids in develop- 
ing prototypes and pilot models. Contains 10 slu 
tuned coils of L86 size Type C, ranging from 8 
Microhenries to 800 Microhenries, each slightly 
overlapping next coil in scale. Kit contains mount- 
ing hardware and lists such information as in- 
ductance range, wire size, number of turns, Q 
value. Coils are color-coded to chart for easy 
quantity-order. 








































Ceramics 
si especially 


adapted to 
automatic 
assembly 
processes... 





Wisconsin Porcelain Com- 
pany’s manufacturing processes 
make it possible to obtain a great 
degree of accuracy on porcelain, 
refractory, steatite and filter body 
parts. 

The uniformity and toughness 
of Wisconsin ceramics give you 
a closer fit, faster assembly and 
reduced costs. 

If you are redesigning your 
product — our engineers can 
recommend the proper ceramic 
body for your needs. 

Send us a sample or blueprint 
and tell us your requirements. 
We will be glad to quote prices 
and delivery. 

Serving Electrical and Electronic 
Industries since 1919. 


WISCONSIN 
PORCELAIN (() COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


Now off press ... A new Design Annual 


ELECTRICAL INSULATION 
AND DIELECTRICS—1955 


ERE’s an up-to-the-minute design compendium to help you keep 
pace with current technology in the swift moving field of 
electrical insulation and dielectric materials. 

The editors of ELectricAL MANUFACTURING have assembled into 
one handy-to-use 136-page book, a selected group of articles dealing 
with the application of insulation and dielectrics in the design and 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
application possibilities. 

Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy- 
Resin System for Embedded Circuits and Components (April 1955); 
Arcing Performance of Plastics Insulation (April 1954); Dielectric 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954); 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons— 
New Component Materials (February 1955); Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature Classification 
of Insulating Materials (September 1954); European Developments in 
the Dielectrics Field (August 1955). 


An annotated bibliography lists earlier articles containing design 
data applicable to current problems. 


e The 136-page Design Annual includes each article in complete form with 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Orders should be addressed to: J. A. Campbell, 
Director Reader Service, The Gage Publishing Company, 1250 Sixth Ave., 
New York 20 













provides 108 steps per revolution. This 
type of motor has been built, however, 
with hundreds of steps per revolution 
so that each step represents a relatively 
small angular displacement of the rotor, 
Contrariwise, the motors can be oper. 
ated with only a few poles, and they 
can be built in sizes ranging from inch- 
ounces of torque on up to hundreds of 
foot-pounds torque. The motor propor- 
tions can be widely varied to meet differ. 
ent conditions. 

An important feature of this motor 
is the built-in  oscillation-prevention 
means. Without this, the operation is 
erratic and the rotor tends to hunt. 
The oscillation damping or quenching 
means provides smooth, hunt-free, stable 
operation and makes the motor a prac- 
tical device. 

Backlash or lost motion in gear trains 
or similar mechanisms has long been 
a serious fault of mechanical systems 
requiring close control tolerances. This 
automatic control system has been pro- 
vided with an accurate backlash com- 
pensator which requires no adjustment 
regardless of wear of feed screws, 
racks, or other feed means, provided 
the wear is uniform. A compensator for 
non-uniform wear has also been de- 
signed. 

It is desirable in many cases to pre- 
pare the tape by tracing a drawing or 
template rather than by calculating the 
spacings of the tape markings or char- 
acterizations. Industrial Controls Corpo- 
ration has designed a tape maker which 
will automatically make a tape for re- 
producing various shapes in two or 
three dimensions. A stylus is traced 
around a drawing or template and the 
corresponding markings are _ photo- 
graphed on the tape, one mark repre- 
senting one step movement of a motor. 
By using a gear amplifying system this 
method can be quite accurate, if the 
template or drawing is carefully pre- 
pared. Further work is being done in 
refining this instrument. In making a 
tape for producing tool motion in sim- 
ple lines or easily definable curves it 
is sometimes simpler to calculate the 
tape and then to print it or punch it; 
or to magnetize it in “spots” in case 
a magnetic tape is used. 

In another type of tape maker, the 
tape is prepared by manually causing 
a machine to go through the movements 
necessary to produce a desired shape or 
to perform a desired operation. 

At moderate speeds this motor can 
he reversed in a fraction of a second. 
It can be very rapidly accelerated and 
decelerated without losing step and, 
when stopped, the rotor is held in 4 
strong magnetic grip which prevents 
overtravel. It has high torque at start- 
ing, and, in indexing, it is as accurate 
as a digital calculator. It can be rotated 
through any given number of steps 
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the leaders choose RESINOX* 3700 


: for molding profit-making electrical parts 
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_ has outstanding a molded of Resinox 3700 where its superior arc-resistance 
. ma is giving top performance in the field. (Part made 
t for them by Specialty Insulation Mfg. Co.) 
€ 
e 
e 
g THE PREFERENCE FOR RESINOX 3700 grows every day. This thermosetting 
, mineral-filled molding powder was developed by Monsanto 
r 


for superior performance in magneto ignitions, motor control and 
‘ }smission circuits, and countless other electrical applications. * It combines 
1 high arc-resistance with outstanding dimensional stability. + It eliminates 
d undesirable after-shrinkage. * Its moldability 
1 is excellent and its impact resistance is good. « It has good transfer 
P molding properties. * It offers superior heat resistance. 
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: For full information on Monsanto’s Resinox 3700, write today to aw Serving — _ re 
p ‘ . ‘ . aa me which serves mankine 

e Monsanto Chemical Company, Plastics Division, 

d Dept. EM-12,Springfield 2, Massachusetts. 
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TELEMETERING TESTS 


torward or backward. There is no cumy. 
lative error. 

In tests, the motor was started from 
rest, accelerated to a cutting speed of 
12 in. per min at 0.001 in. per Step, 
and decelerated to a stop, all in a frac. 
tion of a second. This was done 3000 
times, representing 4% millions steps, 
without loss of a single step. 

There are many possible uses for this 
step motor which provides precise con. 
with necessary power to 
perform work. Aside from the machine 
tool applications previously mentioned, 
another promising use is in positioning 
applications. Rotary or lateral indexing 
movements can be accurately controlled 
for cutting gears and for slotting and 
boring in precise locations. Likewise, 
accurate transfer of the workpiece from 
one location to another can be auto- 
matically effected as well as automatic 


trol along 


5500 hours 


transfer from one machine to another. 
Step motors, under control of a tape 
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Supramica 555 Ceramoplastic provides: 
e absolute dimensional and age stability 

e imperviousness to moisture 

e precision dimensional tolerance control 
e temperature endurance 650°F.-1000°F. 
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Write today: 

Mycalex Electronics Corporation 
Dept. 116 

P. 0. Box 311 

Clifton, N. J. 


MYCALEX ELECTRONICS CORPORATION 


ay GS dh 
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Under exclusive license 
of the Mycalex Corporation 
of America 


Executive Offices 
30 Rockefeller Piaza 
New York 20, N. Y 


or other record commutator, can turn 
nuts through definite angles, place parts 
in precise locations, operate wrenches, 
and accomplish other tasks ordinarily 
done manually. 


Remote Control Possible 


Step motors furnish a convenient solu- 
tion to the problem of remote control 
of handwheel adjustments or feeds, 
since they can be geared to operate 
handles or controls and in turn can 
be controlled from small commutators 
contained in a small portable box or 
from a fixed panel, if desired. By this 
means, the operator can readily manip- 
ulate all controls of the machine ac- 
curately with little effort from a remote 
point. 

There are many possible applications 
for this digital motor. Among other 
uses it can be employed in providing 
accurate control in setting up patterns 
in textile machines. in automatic print- 
ing and painting, in folding. glueing 
and cutting, and in telemetering, com- 
puters, synchronized drives, valve con- 
trols, synchronized gun pointing, facsim- 
ile, and as a power amplifier generally, 
in servo-systems. 

A possible application is in aircraft 
for controlling landing gear. brakes, 
doors. and other parts from the pilot’s 
seat. Suitable indicating scales may be 
used to show the pilot the exact posi- 
tions of various members, since the 
motors move through digital displace- 
ments. This electrical servo-system can 
be made simpler and more trouble-free 
than hydraulic or similar systems hav- 
ing connecting fluid lines under pres- 
sure. 

The digital or step motor described 
is in a sense a computer which also 
provides power to achieve a_predeter- 
mined result or controlled displacement. 
It is believed that it will find many 
uses in the age of automation. O00 
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PARKER Powdered Metal 


Eliminates Machining Costs On 
Parts Like These... 


PARKER 
SALES ENGINEERS 


CHICAGO 439, lil. 
Ollie J. Berger Company e 2059 East 72 Street 


CINCINNATI, Ohio 


William H. Broxterman © 2174 Buck Street 


DETROIT 35, Mich. 


One sure way to cut costs on small metal parts is to eliminate 
machining operations. Parker Powdered Metal produces the above 
parts in one press operation . . . complete . . . to close tolerances 
. at cost savings of from 70% to 90% compared with conven- 


tional machining methods. 


Hodgson-Geisier Co, e 18917 James Couzens 


GIRARD, Penna. 
DanelF.Marsh e 35 Chestnut Street 


And Parker Powdered Metal Parts offer other important ad- 
vantages. Tensile strength, ductility, density, impact resistance and 
other physicals are closely controlled to meet exacting specifica- 


KIRKWOOD 22, Mo. 
Edward F. Higgins, Jr. ¢ 102 West Adams Street 


WILTON, Conn. 
Giraid L. Paimer e Belden Hil! Road 
SYRACUSE, N. Y. 


J.C. Pamer e 712 State Tower Bidg. 


BELLEFONTE, Penna. 
Warren G.Olson e@ 420 East Linn Street 


tions. Tooling-up is done quickly and at relatively low cost. 

It will pay you to check on the economies and design possibilities 
offered by Parker Powdered Metal. Just call the nearest Parker 
sales engineer listed here or rite the factory direct. 


Parker White Metal Company ¢ 2153 McKinley Ave., Erie, Pa. 


POWDERED METAL PARTS 


ALUMINUM and ZINC 
die castings 


PARKER 
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Copper had a short spurt due to a one-day , 
strike in Chile. Consumers were worried - 
that lead might advance. Silver slipped off DI 
3c. The steel industry is talking of higher al 
prices. 
hi 
s¢ 
COPPER— All prognostications in copper are that the price lk 
will go lower, or at least stabilize at the present level. But B 
the experts have been wrong so often that no one would a 
stake his reputation on such a prophecy. A short, one-day 
strike in Chile was enough to boost the London copper price il 
around 2.00c. a lb. Reports of labor trouble in Rhodesia n 
immediately affect the nervous market in New York, as do b 
threats of strife in the Middle East. Domestic consumers te 
in October paid as much as 47c. for November copper, even 2 
though the producers held to their 43c. a lb level for the 
month. c 
Electrical consumers particularly are talking substitute n 


metals as a result of the continued high price of copper. 

Said one top official last month: “I don’t believe the elec- S 
trical construction industry will pay such high prices if d 
substitutes can be found.” Pointing out that copper was 43c. a 
a lb and aluminum 24.4c. a Ib, he added: “When you con- d 





sider 45 lb of aluminum will have the same current carrying n 
POWER SUPPLIES FOR capacity as 100 lb of copper. you will see what our industry 

has facing it—100 lb of copper at $43.00, as against 50 |b k 

of aluminum at $10.98, just about four times as expensive.” V 


& L -E C : & Oo re F C Meanwhile, copper production was reportedly rising. Sep- t 


tember output was 94,755 tons, as against 67,990 tons in 


\ugust. October production was expected to be even higher. I 
A PPL | CA Ti Oo we & Refined copper output in September was 139,880 tons, as ( 
against 98,732 tons in August. Stocks were higher at 53.625 é 
tons, a gain of 4,275 tons. All these statistics should have ] 

cheered consumers. 
The extreme fidelity In addition, Chilean copper output at American mines { 
with which Acme Elec- was rising and production abroad, in Rhodesia and else- : 
tric power packs ee pipet siaveom eo eeeeey aie a am: : 
: ; copper situation should tend easier and con , 
match operating re- sumers should be looking to a lower price. , 


quirements is impor- 
tant assurance of 
perfect performance. 
We invite your dis- 
cussion of your prob- 
lems with our research 
and en g ineerin g . | Thus, while the general outlook was for an easier copper 
departments. market, consumers were not so sure that they would be 
paying less than 43c. for producer copper or 46c. for smelter 
copper in the first quarter of 1956. 


But domestic demand continued at a peak and_ bullish 
business prospects for 1956, higher car output, and _ tre- 
mendous use of the metal in Europe were militating against 
a lower price. Custom smelters who had dropped their 
selling prices of copper to 45c. had to admit that the price 
was more or less meaningless since they had little November 
copper on hand. And. early in November, they had to raise 
the buying price for scrap Joc. a lb. 





ACME ELECTRIC CORPORATION 


3512 WATER ST. CUBA, N. Y. ZINC AND LEAD—Domestic poduction of slab zine reached 
West Coast: 1375 West Jefferson Blvd., Los Angeles, Calif. an all-time high in October at 89,462 tons, a gain of 6104 


Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. tons over the September total. Shipments to consumers 


totaled 85,770 tons, an increase of 2106 tons over the pre- 
ceding month. Stocks in producers’ hands at the end of 
October amounted to 43.881 tons as against 42,167 tons at 
the end of September. Government purchases have tapered 
as a result of lack of offerings by producers. 

The lead market was firm and there was some expectation 
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that a heavier demand would cause a tight supply situation 
in this metal. September domestic output of refined lead 
was 50,453 tons, largest since March 1954 and an increase 
of 13,541 tons over August. Domestic shipments were 46,250 
tons as against 41.469 tons in the previous month. Stocks 
at the end of September were 30,753 tons, a drop of 3358 
tons. 

Mid-November price of lead was 15.50c. a Ib, New York. 

* * * 

ALUMINUM—At 24.40c. per lb for 30-lb ingot 99% plus, 
the aluminum price continues to reflect stability and gives 
rise to increased speculation as to its substitution for higher 
priced metals such as copper. Higher production quotas 
are noted. 

Third quarter primary aluminum output hit a new all-time 
high of 793,649,982 lb, a gain of 23,340,198 lb over the 
second quarter. September production totaled 261,211,002 
lb as against 267,101,817 lb in August, a 2 per cent decline. 
But. total production for this year is 2,313,382,992 lb, 
against 2,174,378,648 lb in the same period last year. 

And there was good news for those consumers who are 
in need of aluminum. The Business & Defense Services Ad- 
ministration announced that 145,000,000 lb of aluminum will 
be set aside from the total supply available in the first quar- 
ter of 1956 to fill defense needs—this represents a drop of 
2,000,000 lb from the set-aside in the 4th quarter of 1955. 

Heavier production schedules in Canada will also ease 
consumer needs, chiefly through the new $200,000,000 alu- 
minum and hydroelectric project. 

* * * 

SILVER—Despite a decline of 2gc. an oz on October 19 to 
a level of 91.625c. an oz, demand for silver was regarded 
as active throughout the month both domestically and 
abroad. Some domestic consumers, in order to meet their 
needs, were making purchases from the U.S. Treasury. 

Mine production of recoverable silver in August was 12 
per cent greater than in July and the daily output average 
was also 12 per cent higher. Production in August came 
to 2,708,778 fine troy oz. as against 2,419,364 oz in July. 
PLATINUM—The price of platinum advanced several times 
during the month, the current level quoted at $97 to $105 
an oz. The higher price reflected the tight supply situation 
plus a strong demand and lack of offers by Soviet Russia. 

* * * 

TIN—Tin prices showed little change during the month. 
Mid-November spot tin price at New York was 96.25c., as 
against 96.125c. in mid-October. Tin consumption in August 
was up 20 per cent at 7985 long tons, of which 5310 tons 
were primary pig and 2675 tons consisted of secondary 
and imported tin base alloys. This was the largest primary 
pig consumption since January. 

* * * 
MAGNESIUM-—Magnesium production in the first nine 
months of 1955 has passed the 12-month total of 1954 by 
15 per cent. September shipments topped August shipments 
by 24 per cent. Production of primary magnesium in the 
third quarter was 16,916 tons, up 55 per cent from the 
second quarter. There was no change in price, pig magne- 
sium priced at 32.50c. a lb and ingot at 33.25c. a lb. 

* * * 

SELENIUM—The BDSA this month urged intensification of 
salvage of discarded selenium rectifiers because of the 
shortage of selenium. Selenium is mainly obtained from 
copper refineries. There was no change in price despite 
the tight supply situation. Selenium is quoted at $9-$10 a Ib. 


NICKEL—A total of 1,100,000 lb a month of premium priced 
ferro-nickel and nickel ingots will be diverted in November 
December to industry from scheduled shipments to the 
Government, the Office of Defense Mobilization announced 
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No matter where they'te bound 
SHIP THEM WIREBOUND! 
and Stack ‘em High As You Like 


Modern handling methods call for 
saie told quick and easy storage—in a minimum 
Cost of space. The special Wirebound 
construction of sirong steel wire and 
light, tough wood suits itself to modern 
methods of materials handling. 
You stack ’em fast, efficiently and 
ocx eat high as you like. Shown above are 
some high-stacked Wirebound pallet 
boxes that are used for inter-plant 
shipments and parts storage. 
No other container is so perfectly 
suited to fork truck handling. 
They appeal to economy-minded 
management. We will be pleased to 
give you all details on versatile 
Wirebounds, regular or pallet boxes 
and crates. Write today. 
















Reduced 
Weight 


A 


aren wine 


Ce, U e's S 


BOXES & CRATES 


MAIL THIS COUPON Now! 


Nee ee Se 


WIREBOUND BOX MANUFACTURERS ASSOCIATION 
Room 1150, 327 South La Salle Street, Chicago 4, IIlinois 


(0 Have a sales engineer give me the whole story 


Name 


Firm Name 
Address 


o 

‘ 

i 

' 

' 

’ [] Send me a copy of “What to Expect from Wirebounds”’ 
‘ 

‘ 

i 

i 

1 

i 

i 

; 

i City, Zone and State 
i 

$ 
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Scouting for 
Encapsulated Coils? 





DANO makes them! 


You're always swre your coils are exactly right when Dano 
makes them. Step by step, every Dano Coil is skillfully 
made by coil experts whose experience and equipment 
combined with the latest quality control methods mean 
the ultimate in coil performance for you. 


DANO ENCAPSULATED COILS 





New products are constantly demanding new types of 
coils and Dano continues to provide the answers by en- 
capsulating coils in either Polyester Resins or Epoxy 
Resins also by designing coils for high temperature appli- 
cations. 


If you depend on coils to exact specifications—it’s no 
problem when you deal with Dano. 


Call or write today and Dano’s quote will be on 


the way. 

® Coils for High Temperature Application 

& Encapsulated Coils > Form Wound Coils 
> Paper Section Coils & Bobbin Coils 


& Cotton Interweave Coils ® Acetate Bobbin Coils 


Also, Transformers Made to Order 





THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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last month. This is in addition to the 6,000,000 Ib alread, 
authorized for these two months. The total diverted to jp. 
dustry this year is said to be 22,950,000 lb. August nickel] 
consumption was up 51 per cent but imports dropped 16 
per cent. The price of nickel held at 64.50c. a Ib. 
COBALT—August consumption of cobalt was 47 per cent 
higher than July at 864,079 lb. Production of cobalt metal 
was 9 per cent above that in the preceding month. The price 
of cobalt was maintained at $2.60 a |b. 

* % * 
MERCURY—Mercury prices continue to rise. As we went 
to press, the price was $280 to $285 per flask, an increase 
of $2 a flask over the price in mid-October. Spot supplies 
were tight and imports were absorbed directly into consum- 
ing channels. Reports that Spanish and Mexican mercury 
may be more readily available, however, caused somewhat 
easier tone in forward prices. 


STEEL—-If steel is a barometer of the national industrial 
scene, then the outlook for the first quarter of 1956 is good 
indeed. Steel production is breaking records—September 
shipments at 7,378,247 tons were an all-time high—and the 
outlook for production is optimistic. All steel firms are 
talking of increased demand in 1956 and some are pre- 
paring expansion programs running into millions of dollars. 
The nine month output total of 62,672.603 tons was a record. 

Talk persists of higher prices for steel. And this would 
mean another inflationary round, many observers believe. 
Top steel mill officials have said quite frankly that they 
believe higher prices are necessary to carry through ex- 
pansion programs and the general feeling is that the major 
steel companies will advance some of their prices soon 
Small inereases—such as carbon steel--have already been 
made. 





AX\ MERICAN Tro: 


MAXIMUM DURABILITY @ INSTRUCTIONS 


Pete Nd 6 


AND ECONOMY BECAUSE [iaaAINRiaga 
THEY ARE “CUSTOMIZED” RRREZE 
FOR YOUR SPECIFIC NEEDS Raaenmen 


@ WARNINGS 


@ INVENTORY 
MARKINGS 


Le Nis ae 
SERIAL NOS. 


Na) 
SERVICE 


@ INDICATORS 


@ INSPECTION 
MARKINGS 


@ GUIDES 


‘ ike! The 

All decal markings are —- ee ge 

American Decal research la -? Secnge od 

nd tests decal marking for ¥ __ 

‘ife product and use—assuring you 10 gel 

+ ; reater dependability _and ener. 
Sone design and art service available 


request. 


FREE wRiTE FOR SAMPLES AND LITERATURE 


A\merican fDecalcomania fo. 
4344 W. Sth Ave., Dept. R, Chicago 24, Ill 
New York @ Cleveland ® Windsor, Ont. Canada 
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7 Easy accurate 
fr brake 
adjustments 


Slack adjusters 
permit quick, simple 
adjustments. When ad- 

justment is made, 
spring-loaded lock automatically 
engages adjustment screw to 
prevent screw backing off dur- 
ing service. 


Cooler running 
Open-type, malle- 
| able iron brake 
| spiders eliminate 
air pockets and assure adequate 
internal ventilation for cooler 
running. 








* se o * s *e?ft @ @ * @« ° 

Longer liner 

life with 

“Econoliner” 
Timken Detroit Econo- 
liners are tapered to 
provide greater strength and 
thickness at the center where 
wear is greatest. 





designed 





eeeeereeerfeeeee#e# 


lL} 
—_ 


“\ ire Constant Lift 

|) ban ||" “5” Tee Cam 
- - s2=8—\"'!) Constant lift “S” 
>! 


\U type cam assures 

uniform application 

of brake shoes for maximum 
sensitivity and controllability. 


eoerteee#?eeeeest@ @ 


() 
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Better brake 
drums 


Sturdy, rugged 
brake drums are 
designed to supply maximum 
rigidity with rapid heat dissipat- 
ing ability. 


—— 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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DA BRAKES 


...for every industrial 


or automotive application where 


braking is required! 


SERIES POWER BRAKES 


for heavy-duty automotive service 


These rugged, heavy-duty power brakes are de- 
signed to give longer troublefree service on trucks, 
truck-tractors, trailers, buses, trolley-coaches and 
industrial and road equipment. 

Superior design has made Timken-Detroit’s 
“P” Series brakes the undisputed choice of leading 
vehicle manufacturers everywhere. Operating tem- 
perature is reduced sharply, cutting the biggest 
cause of brake wear. Other important features of 
the “P”’ Series brakes offer increased economy and 
performance for operators. 

““P” Series power brakes are available in a com- 

plete range of capacities and sizes... to meet every 
operating need. 
For additional information . . . with expert consul- 
tation, contact the Timken-Detroit Brake Division. 
Complete details and specifications on the “P” 
Series brakes are available. And, a staff of highly 
experienced engineers can assist you with any brake 
problem that you may have. 


imu 


re 
| Eevee 


TIMKEN-DETROIT BRAKE DIVISION 
ROCKWELL SPRING AND AXLE COMPANY 


POE ie ela 


feceated | ) i | faandarn 
TRADE MARK REGISTERED 


Plants at: Detroit, Michigan « Oshkosh, Wisconsin 
Utica, New York * Ashtabula, Kenton and Newark, Ohio 
©1955 RSKA mpany 





New Castle, Pennsylvania 





‘precious 
metal 


Baker contacts, made of plati- 
DMCC AS CLOT RULE 

alloys, give the unvarying 

sirtermn gi so necessary with 
UST M OLA) ) Cele L tes 

and instruments . . . Only metals 
of the highest purity are used and 
every stage is carefully controlled to 


insure the finest of finished products. 


PVCS Me La LL 
contact metals and types of contacts 
ROLL CMe m elim 
supplied in practically any specified 
dimension to suit special 


Meee 


ACTA SMe Leh Lg 
prompt, courteous attention. 


PRECIOUS 
{ETALS 
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NEMA Elects Officers, 
Discusses Industry Trends 


(Continued from page 151) 





ing equipment of ratings beyond those which are listed 
by the Underwriters’ are met daily. Transformers suitable 
for installation inside industrial plants are becoming more 
common. There are a multitude of problems which con- 
front the municipal and state authorities responsible for 
the inspection and approval! of installations of electrical 
equipment. 

Since the problem of approval of electrical equipment 
involves consideration of fundamental safety standards, 
a joint NEMA committee of the Safety Regulations Com- 
mittee and the Codes and Standards Committee has con- 
sidered the problem thoroughly and has proposed a pro- 
gram for the certification of electrical products to national 
‘lectrical standards. Through the NEMA Board of Gov- 
ernors the problem has been referred to a number of 
NEMA subdivisions for their reaction. Following receipt 
of reports from these subdivisions, the board authorized 
the Codes and Standards Committee to appoint a Joint 
Sections Committee to study the plan further. A sym- 
posium is being considered for the NEMA meeting in 
Chicago in March 1956 at which time an opportunity 
would be afforded for all those interested to present their 
recommendations on this problem. 

Radiation Regulations. In reporting on the activities 
of NEMA Codes & Standards Committee, its chairman, 
Hendley Blackmon of Westinghouse Electric Corp., also 
commented on regulations governing radiation. These will 
be of concern to any one manufacturing equipment for 
atomic power plants. Anticipating an expanding develop- 
ment, NEMA has requested co-sponsorship of a proposed 
ASA safety project standard on nuclear power radiation 
safety. This action will insure that the views of the manu- 
facturers are adequately presented during the formulative 
stages of these safety standards. ASA is calling a general 
industry conference on atomic power standards on Decem- 
ber 8 in Washington, D. C, 

Another major standards project of continuous concern 
to the Codes and Standards Committee is the National 
Electrical Code. Activity has been particularly extensive 
this past year because of a complete revision and re- 
arrangement being worked on for 1956. 

UL Standards. Mr. Blackmon commended the step 
taken by Underwriters’ Loboratories, Inc. in presenting 
a number of its standards for approval as American 
Standards, a step that NEMA has long advocated. These 
UL standards are submitted as existing standards to 
ASA, so NEMA has been concerned primarily as to 
whether they are, in fact (1) standards being used by 
industry today: and (2) whether they are technically 
correct. They are being reviewed by interested NEMA 
subdivisions from that point of view. 

Since these UL standards are fundamentally safety 
standards, they are utilized widely throughout the country 
as the basis for safety regulations py regulatory authori- 
ties. Recognition of them as American Standards may 
help in making them acceptable to regulatory authorities, 
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How to Catch 
a Fisherman 


It’s said that fishermen buy more things than fish do. 
Be that as it may, the spinning tackle box by UMCO 
Corporation of Minneapolis, made of tough, versatile 
U.S. Royalite, illustrates some of the many advantages 
of this fine fabricating material. For Royalite is: 

1 impact Resistant. Tackle boxes are often banged 
against rocks or dropped into boats. Royalite 
can “take it”. 

2 Rustproof. Salt water or fresh, Royalite is com- 
pletely unaffected. These spinning tackle boxes 
are often used by skin divers to carry equipment. 

3 Easily Fabricated. Note molded-in lure compart- 
ments and sharp detail. Low-cost wood, resin or 
metal tools do the job, depending on volume. 


RUBBE 





4 Compatible with Metal. Note the aluminum 
plate, hinged to the Royalite. The latch fastens 
to the Royalite. The hinges, handles and buckles 
are riveted permanently in place. 

Royalite is also: ...impervious to most chemicals... 
lighter in weight than any commonly used metal... 
beautiful, in a wide range of colors and finishes. ..com- 
pounded of plastic fortified with rubber for superior 
impact resistance. 

Want to catch more customers? Design it of Royalite 
for greater beauty-appeal, better service, much stronger 
saleability. Write, wire or phone for details to United 
States Rubber Company, 2638 N. Pulaski Road, 
Chicago 39, Illinois. 


U'S'ROVATITE 


TOUGH, VERSATILE FABRICATING MATERIAL 





) United States Rubber 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


doseph T. Ryerson 4 Son, Inc. 
Charlotte, N. C . 
St. Louis « 





Plants at: New York « Boston « Philadelphia « Cleveland 
Cincinnati Buffalo « 


Spokane « 


Detroit « Pittsburgh -« Chicago 


Milwaukee «- Seattle 


Los Angeles « San Francisco -e« 





PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, APPLIANCES, ETC. 








Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 
8027 N. Monticello Ave., Skokie, Illinois 
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NEMA Motcr & Generator Section Officers 


At the NEMA Annual Meeting, 5. K. Hostetter, gen. 
mgr., Crocker-Wheeler Div. Elliott Co. was elected 
chairman of the Motor and Generator Section. C. W. 
Falls, manager, motor & generator standards, General 
Electric Co., was re-elected chairman of the general 


engineering committee, assisted by vice chairman 


M. S. Hancock, ass’t. mgr., Motor Engrg Dept., West- 


inghouse Electric Corp., and L. H. Hirsch, chief en- 
gineer, Century Electric Co. F. E. Millan, Ridgway 
Div. Elliott Co. is chairman of the Large Apparatus 
Subsection, and H. W. Forschner, Electric Machinery 
Mfg. Co., vice chairman. C. E. Scott of Westinghouse 
Motor Div. is chairman of the D-C Technical Com- 
mittee, and V. J. Egan, Allis-Chalmers Mfg. 
chairman of the A-C Technical Committee. 


Co., 


whereas private Underwriters’ Laboratories codes may 
not be acceptable as the basis of law. These standards will 
be titled American Safety Standards, and thus do not 
preclude other American Standards on the same product. 

Another major problem confronting NEMA member 
companies, is that of higher utilization voltages. Con- 
sideration of higher utilization voltages was being given 
by some utilities as an answer to the broad problem of 
inadequacy of wiring to take care of the rapid growth 
in the use of major appliances. As its contribution to the 
overall problem, the Codes and Standards Committee is 
studying the fundamental engineering and safety con- 
siderations of the application of higher voltages to feed- 
ers, circuits, and utilization equipment for all types of 
occupancies, 

Work on Insulation. A similar problem involves the 
development of the many new insulating materials and 
manufacturing processes, and their relation to existing 
standards. This has brought into sharp focus the need 
for industrywide consideration of the fundamental stand- 
ards covering the classification of insulating materials. 
Also introduced is the concept of insulating systems com- 
prised of various insulating materials functioning to- 
vether. Rocognizing the need for technical study of the 
problem and coordination of the manufacturers’ view- 
point. NEMA formed a Subcommittee on Electrical In- 
sulation about a year ago. This insures that the manu- 
facturers of electrical equipment are represented in the 
development of new basic insulation standards. Mr. Black- 
mon considered this to be one of the most important 
overall NEMA technical activities today. 

International Standards. During the past year. the 
problem of NEMA participation in the International 
Electrotechnical Commission has been under study. These 
activities are under the supervision. in the United States. 
of the U. S. National Committee of the International 
Electrotechnical Commission. The present chairman is a 
representative of NEMA, R. C. Sogge of General Electric 
Co. The NEMA Board of Governors has endorsed this 
activity as one of importance to the electrical manufac- 
turing industry. The degree of participation in technical 
committees of IEC dealing with NEMA products is to be 
determined by the Sections themselves. The IEC technical 
committee activities of general interest, such as symbols 
and voltage standards, are to be studied by the Codes 
and Standards Committee. 000 
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New Streamliner 400 saves 
drafting time with duplicate originals 


Last word in whiteprinters, the STREAMLINER 400 

will produce easily, quickly and cheaply Ozalid 

duplicate originals of drawings, plans, designs, 

and sketches —save hours of tracing and 

repetitive copying. 

Ozalid duplicate originals are translucent 

prints, on which any changes, additions and 

deletions can be made without affecting the 

basic drawings. Additional prints can be made 

directly from these duplicate originals. They 

are used in thousands of architectural, engi- 

neering, design and production departments 

to speed the preparation of drawings for 

wiring, plumbing, air conditioning, for special 
installations, for fabricators and suppliers. 

The STREAMLINER 400 will reproduce any- 


The new low priced Ozalid 
STREAMLINER 400 has synchronized 
printing and developing... produces 
perfect whiteprints for less than 

142 cents per square foot. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


thing drawn, typed, printed or written on 
translucent materials—reports, specifications, 
drawings, materials lists, instruction sheets, 
bulletins, payroll sheets, cumulative records, 
etc. An Ozalid copy can be made in less than 
a minute, is delivered dry and ready for use, 
and costs less than 14%2¢ a square foot. 

The new model has synchronized printing 
and developing, handles sheet or roll stock up 
to 42” wide, prints at speeds up to 24 feet per 
minute. Itiscompact, easy to operate, requires 
minimum maintenance—and is low priced. 

Ask the nearest Ozalid distributor (see 
phone book) how the STREAMLIiNER 400 can 
help you. Or write for information to 338 
Ozaway, Johnson City, N. Y. In Canada, 
Hughes Owens Company, Ltd., Montreal. 

OzaLip—A Division of General Aniline & 
Film Corporation » From Research to Reality! 


OZALID 
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MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 





Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 





ACTUATORS, BALL-SCREW 


Saginaw Steering Gear Div General 
Motors Corp Saginaw, Mict 

ADHESIVES 

Aluminum Co. of America, Alcoa Bidg.. 
Pittsburgh 19, Pa. 

Armstrong Cork C< 7012 Ingersol, Lar 
caster Pa. 

Bakelite Co., A Div. of Union Carbde & 
Carbon Corp.. 300 Madison Ave., New 
York 17 N. Y. 

Biggs Co., C. H., 2255 Barry Ave., West 
Los Angeles 25, Calif. 

Durez Plastics Div.. Hooker Electro- 
chemical Co., 1312 Walck Rd, N 
Tonawanda, N. Y. 

Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
Koppers Co., Inc., Chemical Div., Dept. 

EM-125, Pittsburgh 19, Pa. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

ALUMINUM, See also Castings. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Gevere Copper & Brass, 230 Park 


Inc., 


Ave., New York 17, N. Y 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass. 
Bogue Electric Manufacturing Co., 
Iowa Ave., Paterson 3, N. J. 
Bristol Co., Waterbury 20, Conn. 
Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 
Federal Telephone and Radio Co., Div. 
of International Telephone and Tele- 
graph Lome. 100 Kingsland Rd., Clif- 


ton, 

Freed Co., 1736 Weir- 
field, Brooklyn 27, 

General Electric Co., “Apparatus Sales Div., 
1 River Rd.. Schenectady 5. ze 


Kearfott Co., Inc., 1878 Main ts clif- 
ton, N. J. 


Keystone Pr Products Co., 904-06 23rd, Union 


y Div., Leach Corp., 
Avalon Blvd., Los Angeles 3, Calif. 


60 


Inc., 
as 


5915 


caproscene, Inc., 1607 Flower, Glendale, 
Magnetic Amplifiers, Inc., 632 Tinton 
Ave.. New York 55, N. Y¥ 

aiapectics, Inc., Dept, EM 23, Butler, 

Nothelfer Winding Laboratories, pt Al- 
bemarle Ave., Trenton 8, } 

Sanborn Co., Industrial Div., 195. Mass- 
achusetts Ave.. Cambridge 39, Mass. 


~~ _ of America, New Hyde Park, 


Southwestern Industrial 
2881 Post Oak Rd, 
Houston, Texas. 

United Transformer Co., 
York 13, N. Y. 

Westinghouse Electric 
Center Bldg. No. 
Pittsburgh 22, Pa. 


Flectronics Co.. 
P.O. Box 13058, 


150 Varick, New 


Corp.. Gateway 
8, 401 Liberty Ave., 


ANODES, PLATING 


&meriean Brass Co., Waterbury 20, Conn. 
——! Brass & Copper Co., Waterbury 20, 


ax) “Pont de Nemours & Co., (Inc.), E. I., 
— Chemicals Dept., Wilmington 98, 
e 


‘General Plate Div., 
Corp., 412 Forest, 
(Silver, Gold) 


Metals and Controls 
Attleboro, Mass. 


Handy & Herman, 82 Fulton, New York 
88, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa. 

Leach & Garner Co., Industrial Div, Attle- 
boro, Mass 

“Makepeace Co., D. E., Div. of Union Plate 
and Wire Co., Attleboro, Mass. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y 


Geymour Manufacturing Co., Seymour. 
Conn. 
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ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


BALANCING MACHINES. See Vibration 
Test Machines. 


BALLS, BEARING 


Abbott Ball Co., 60 Railroad Place, Hart- 
ford 10, Conn 


ry ‘Steel "Ball Co., Inc., Hartford 6, 

Weover Ball & Bearing Co., Ann Arbor, 
Mich. 

SKF Industries, Inc., Philadelphia 32, 
Pa. 


BATTERIES, DRY 


Mallory & Co., P. R., Indianapolis 6, Ind. 
Radio Corp. cot America, Tube Div., Har- 
rison, N. J 


BATTERY ELIMINATORS. See Power 
Supply Units; Rectifiers. 


BEAD CHAINS 


Bead Chain Mfg. Co., 


13 Mountain Grove, 
Bridgeport 5, Conn. 


BEARINGS, BABBITT 
a tam & Son, Inc., Joseph T., Chicago, 
Til. 


BEARINGS, BALL (Miniature) 


Miniature Precision Bearinis. Inc. 2 
Precision Park, Keene, N. Hf. 

New Departure ])iv of Gexeral Motors 
Corp., Bristol, Conn. 

U. S. Gasket Co. Camden 1. N 1 


BEARINGS BALL and ROLLER 
(Radial and Ttrust) 


Freeway Washer & Stamping Co., P.O. 
Box 1756, Cleveland 5, Ohio 
Hoover Ball & Isearing Co., Ann Arba. 


Mich 
New Departure Div. of General Motos 
Cenn. 
30th & Huntin - 


Corp., Bristol, 
Philadelphis, Pa. 


Nice Bal) Bearing Co., 
ton Park Ave., 
Tne., Philade:phia 82. Px 


SKF Industries, 


BEARINGS and BUSHINES, 
LUBRICANT-RETAINING 


Amplex Div. of Sane Corp., 
E-12, Detroit 21, Mich 

Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 

Bushings, Inc., Coolidge Highway at 14 
Mile Rd., Royel Oak, Mich 

Graphite Metallising Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. ¥. (Olilexs. 


Self-lubricatins:) 
Radio Cores, Inc., 9540 Tullay Ave., Oak 
Lawn, TI 
United States Giaphite Co., 1621 Holland. 
Saginaw, Mich 


Dert. 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel, etc.) 


Amplex Div. of Chrysler Corp., Dept 
E-12, Detroit 31, Mich. 

Bound Brook Oil-Less Bearing Co., Bound 
Brook, N_ .J. 
3ushings, Inc., 
Mile Rd., 

Chase Brass & 


Coolidge Highway at 14 
Bevel Oak, Mich 


~ Copper Co., Waterbury 20, 
Conn 
Mallory & Co., Inc., P. R., 
6, Ind. 


United States Graphte Co., 
Saginaw, Mich. 


Indianapolis 
1621 Holland, 


BEARINGS and puonwwes. 


NON-METALLIC 

Bushings, Inc,, Coolidge Highway at 14 
Mile Rd., Royal Oak, Mich. 

General Electric Co., Chemical Viv., 1 


Plastics Ave., Pittsfield, Mass. 


General Tire & Rubber Co., Industrial 
Products Div.. Wabash, Ind. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Polymer Corp. of Penna., 2120 Fairmount 
Ave., Reading, Pa. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il. 


2799 Lake, Melrose Park, 


Ryerson & Son, Inc., Joseph T., Chicago 
Til 

Spaulding Fibre Co., 
a 


Richerdem Co., 
Ill. 


Inc., Tonawanda, 
Westinghouse Electric 
Center Bldg. No. 
Pittsburgh 22, Pa. 


Corp., Gateway 
3, 401 Liberty Ave., 


BEARINGS, FLEXIBLE (Rubber-backed) 


Lord Manufacturing Co., Erie, Pa. 

BELLS 

Signal Engineering & Mfg. Co., 273 
Branchport Ave., Long Branch, N. J. 


BELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Richards Co., J. A., 906 N. Pitcher, 
Kalamazoo 13F, Mich. 

Ryerson & Son, Inc., Joseph T., Chicago, 
nL. 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Beryllium Corp., Dept. 5C, Reading 5, 
Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 

BLADES, FAN 

Torrington Manufacturing Co., Torrington, 


Conn. 


BLOCKS, cee 


Bushings Coolidge Highway at 14 
Mile Ra. "Koval Oak, Mich 

SKF Industries, Inc., Philadelphia 32, Pa. 

BLOCKS, TERMINAL. See Strips, Blocks 


& Boards, Terminal 


BLOWERS. See Fans & Blowers. 


BOLTS. See Fasteners. 


BOXES and CRATES, WIREBOUND. See 
also Containers, Packaging and Shipping. 


Rathborne, Hair and Ridgway Box Co., 
1440 W. 2ist Place, Chicago 8, NL 
Wirebound Box Manufacturers Association, 
Room 1150, 327 S. La Salle, Chicago, IL. 


BOXES, METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, BENDING. See Benders, Brake 
and Shears. 


BRAKES, HYDRAULIC 


Timken-Detroit Brake Div., Rockwell 
Spring and Axel Co., Ashtabula, Ohio 


BRAKES, MAGNETIC 


Cutler-Hammer, Inc., 1264 St. Paul 
Milwaukee 1, Wis. Ave, 
Ken- 


Eaton Mfg. Co., Dynamatic Div., 
osha, Wis. 

Harnischfeger Corp., Milwaukee 46, Wig, 

Stearns Magnetic inc., 642 8. 28th, Mu: 
waukee 46, Wis. 

Warner Electric Brake & Clutch (Op. 
Dept. EM, Beloit, Wis. ' 

BRASS. BRONZE and COPPER 


Commercial Forms) For Wire, 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre. 
Finished Brass and Copper Sheet ang 
Strip) 

Chase Brass & Copper Co., Waterbury 20, 


Conn, 
Co., Wilbur =. 
» Newark 4, N. 
Hussey & Co., C. G., 
Ilsco Corp., 5745 Mariemont Ave., Cin- 

cinnati 27, Ohio (Copper Tubing) 

Revere Copper & Brass, Inc., 230 Pent 
Ave., New York 17, N. Y. 


(All 
see Wire 


150 Riverside 


Pittsburgh 19, Pa 


BRAZING ALLOYS, SILVER 


Cinee Brass & Copper Co., Waterbury 20, 

onn 

General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass, 

Handy of ere 82 Fulton, New York 
38 


Leach & Garner Co., 
tleboro, Mass 

Makepeace Co., 
and Wire Co., 

Mallory & Co., 
. Ind. 

Ney m-, 2. 

Conn 


Industrial Div., At- 
D. E., Div. of Unie Plate 

Attleboro, Mas 
Inc., P. R., 
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Tndionepetie 
Elm, Hartford 1 


BRONZE. See Brass, 


Bronze & C 
also Phosphor Bronze. — 


BRUSH CAPS 


Phoenix maeitts re. Co., 4211 W. Lake, 
Chicago 24, , 


Triple ‘‘M’’ | Div., Midwest 
Molding & Mfg. Co., Gurnee, Ml. 
BRUSHES: CARBON, GRAPHITE, 


METAL-GRAPHITE 


Becker Brothers Carbon Co., 3450 8. 52nd 
Ave., Cicero 50, Ill. 
Graphite Metallizing Corp., 7 Nepper- 
han Ave., Yonkers 3, N. = 
‘a. 


Speer Carbon Co., St. eon” 


Stackpole Carbon Co., St. Mary's Pa. 

Superior Carbon Products, Inc., 9114 
George Ave., Cleveland 5, Ohio 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Wilson Co., The H. A., Dept. E., 2655 
U.S. Route 22, Union, N. J. 


BRUSH HOLDERS. See Holders. 
Commutator Brush 


BUSHINGS 


Bearing. See Bearings and Bushings 

Compesition. See Plastics, Molders. 

Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seal. See Seals & Terminals, 
Hermetic. 

Mica. See Mica 

Porcelain. See Ceramics. 

Rubber. See Rubber & Rubber Products. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators 


CABLE. See Wire & Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses & Assemblies, Wire. 


CAMBRIC, VARNISHED. 


See Fabrics. 
Insulating. 


CAPACITORS 


Aerovox Corp., New Bedford, Mass. 

Aircraft-Marine Products, Inc., 2100 Paz- 
ton, Harrisburg, Pa. 

Anze Corp., 255 Grant Ave., E. Newark, 


Div. of Globe-Union, Ine., 
962L E. Keefe Ave., wan ae 1, Wis. 
Condenser Products Co., Div. of New 


Haven Clock & Watch Co., 140 Ham- 
ilton, New Haven, Conn. 
Corp., Dept. 
H-125, South Plainfield, N, J. 
Corning Glass Works, Corning, 
Erie Resistor Corp., Electronics Div., Erie, 
a. 
Fansteel Metallurgical Corp., North Chi- 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 


Centralab, 


Cornell-Dubilier Electric 
wn F 
(Metallized Glass) 
cago, Ill. (Tantalum) 
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MICA—MICA-— MICA 


NEMCOITE—THE OUTSTANDING MICA INSULATION IN THE ELECTRICAL FIELD 
BUILT UP MICA PRODUCTS ... ALL TYPES ... FORMS... CLASSES 


THE FOREMOST 
-_ HIGH HEAT MICA 
ELECTRICAL INSULATION 


Y-26 has been first and foremost in the field of 
High-Temperature Mica Insulation for more 
than twenty-five years. It is the recognized 
standard of Mica Insulation in all of the Lead 
ing domestic electric heater appliances. 



















Y-26 satisfies all of the 
electrical insulating, 
thermal, mechanical 
and moisture-resisting 
qualities in all condi- 
tions of assembly, oper- 
ation and use. 


a 


ie nN 


VTC CTY | 
NV 


Fabricated stampings to 
specified dimensions 
and tolerances. 





COMMUTATOR MICA INSULATION 


Rings—Segments—Sleeves 


For all types of starting and generating motors. Accurate to 
specified dimensions. Properties controlled to ensure fullest 
efficiency of assembly and operation of commutators. 


MICA SEGMENT PLATE (Thermoset) 


Milled to specified thickness in sheets 18" x 36” or pieces 
cut to size or stamped to specifications. 


COIL WRAPPERS AND SLOT LINERS FOR 
CLASS B AND CLASS H INSULATION 


FLEXIBLE MICA PLATE 


MICA AND PAPER INSULATION— 
COMBINATIONS OF MICA WITH MYLAR, FISHPAPER OR 
OTHER INSULATING PAPER BACKINGS. 

MICA AND GLASS CLOTH INSULATION— 
COMBINATIONS OF MICA WITH PLAIN, VARNISHED OR 
SILICONE-TREATED FIBERGLAS 


SLOT CELL AND FIELD COIL INSULATORS— 
FORMED TO SPECIFIED DIMENSIONS 


NEW ENGLAND MICA COMPANY, INC. 


66 WOERD AVENUE, WALTHAM 54, MASSACHUSETTS 





= PN CAUNY eT RT TTMIARE _CHUICACO_CTFEVFET AND__DFETROIT 
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FOR AUTOMATIC 








Speed-Change SENSING System 


within % of 1% maximum 


speed 


* OPERATING SPEED .. 


e ACCURACY . 


_ continuously variable 
up to 80,000 rpm 


* LOW INITIAL COST 


For precision control cin age pat 
now provides this accurate an vet 
t. with continuous spee in 

: cost. Employing the 
Weston frequency 
tion is virtually 


sensing uni 
cations, at new low 
simple and proved a 
iv 'S o 
Sao cp eee complete informa- 
cluding block diagram and prices, 
eston representative, OF 


maintenance fre 
tion, in ' 
ask your nearest W 
return the coupon below. 


WESTON Electrical Instrument Corporation 
614 Frelinghuysen Avenue 
Newark 5, New Jersey 


! 
| 
| 
| 
| 
| Please send literature on your Speed-Change Sensing System. 
l 
I 
! 
| 
! 
| 
| 


Name ae 

al 

Address ___— = a a“ = 
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CONTROL EQUIPMENT 








Johnson Co., E. F., 2009 Second Ave. 
Ss. W. Waseca, Minn. 
Mallory & Co., Inc., P. R., Indianapvuli 


6, Ind. 
Plastic Capacitors, Inc., 2511 W. Moffat 


Chicago 47, Tl. 

Sprague Eleetric Co., 307 Marshall, North 
Adams, Mass. 

Stackpole Carbon Co., St. Marys, Pa 

CARBON and GRAPHITE: Contacts, 
Electrodes, Anodes, Bearings, Discs. 
aes Plates, Plungers, Rings, Seals, 
ete. 

Becker Brothers Carbon Co., 3450 S. 52nd 
Ave., Cicero 50, Ill 

5 Resistor Corp., Electronics Div., Erie, 
a. 


General Ceramics Corp., Keasbey, N. J. 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. 

Speer Carbon Co., St Marys, Pa. 

Stackpole Carbon Co., St. Marys, 

United States Graphite Co., 1621 
Saginaw, Mich 


Pa. 
Holland 


CASTINGS, ALUMINUM and 


MAGNESIUM. See also Castings, Die 
\luminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 


Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J 


Litemetal Dicast Inc., 1935 Wildwood 
Ave., Jackson, Mict 
Parker White Metal Co., Erie. Pa 


CASTINGS, BRASS, BRONZE, COPPER 


Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa 

CASTINGS, DIE 

Aluminum Co. of America, Alcoa Bldg 
Pittsburgh 19, Pa 

Doehler-Jarvis Corp., Sub. of National 


Lead Co., Toledo 1, Ohio 
Gries Reproducer Corp., 125 Beechwood 


Ave., New Rochelle, N. Y. (Zinc) 

Litemetal Dicast, Inc., 1935 Wildwood 
Ave.. Jackson, Mich 

Mt. Vernon Die Casting Corp., Stamford 
Conn 

New Jersey Zinc Co.. 160 Front, New 
York 7, N. Y. (Zine Die Casting Al- 
loys) 

Parker White Metal Co., Erie, Pa. (Alu- 
minum & Zinc) 

Fayetteville 


Precision Castings Co., Inc 
Bo 


Stewart Die Casting 


Div. Stewart Warner 
Corn.. 4535 W. Fullerton Ave., icago 
39, 11! 
CASTINGS, INVESTMENT 
Allis-Chalmers, Milwaukee 1, Wis 
International Nickel Co., Inec., 67 Wall 


New York 5, N. Y. (Nickel and Alloys) 


CATHODE RAY TUBES. 
Cathode Ray. 


See 


Tubes 


CEMENT, INSULATING 

Bakelite Co., A’ Div. of Union Carbide & 
Carbon Corp.. 300 Madison Ave., New 
York 17, N. Y. 


Biggs Co.. C. H., 2255 Barry Ave 
Los Angeles 25, Calif. 


and SEALING 


. West 


Communication Products Co., Inc., Marl 
boro. (Monmouth County), N. 7 
du Pont de Nemours & Co., (Inc.), E. I. 


Finishes Dept., Wilmington 98, Del. 
Durez Plastics Div.. Hooker Electrochem- 
feal Co i Walck Rd., N. Tona- 


wanda, N. 
General Electric Chemical Div. 1 
Pittsfield, Mass. 


Plastics Ave 
Johns-Manville Corp., Dutch Brand Div., 
Chicago 19, Tl. 


7800 Woodlawn Ave 
Zophar Mills, Inc., 112-130 26th, Brook- 
co 


Co 


lyn $2, N 

CERAMICS 
Standard & Special Electrical 

Porcelains (low-volt) (A) 

Refractory Porcelain (B) 
High-voltage Porcelain (C) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Laval) (F) 
Titanates (G) 
Cement- Asbestos (A) 
Ferrites (T) 
Alumina .(J) 
Sintered Metallic Oxides (K) 

Akron Porcelain Co 2725 Cory Arve., 


Akron 14, Ohio (AB) 

merican Lava Corp., Chattanooga 5, Tenn. 
(CDEFG) 

Centralab, Div. of Glohe-Union, Inc., 
962K E. Keefe Ave., Milwaukee 1, Wis 
(EF) 

Ceramic Specialties Co.. 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11, Ohio (ABC) 

General Ceramics Corp., Keasbey, N. J. 
(BEFIT) 

Illinois Electric Porcelain Co., P.O. Box 

_ 272, Macomb, Ill. (AB) 

Knox Porcelain Corp., Knoxville 1, Tenn 
(ABC) 

Mycalex Corp. of 
Blvd., 
Mica) 


America, 


116 Clifton 
Clifton, N. J. 


(Glass Bonded 


New Jersey Porcelain Co., New York Ave, 
& Plum, Trenton 5, N. J. (ABE) 

Porcelain Products, Inc., 1241 Sandusky, 
Findlay, Ohio 

Richardson Co,, 2799 Lake, Melrose Park, 
Ill. (H) 

Rostone Corp., Lafayette, Ind. 

Square D Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co., St. Marys, Pa. 

Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Thomas and Sons Co., K., Lisbon, Ohio (A) 


U. S. Stoneware Co., Brimfield Rd., 
Akron 9, Ohio 

Universal Clay Products Co., 1540 &. 
First, Sandusky, Ohio (A) 


Wisconsin Porcelain Co., 


115 Market, Sun 
Prairie, Wis. (ABF) 


CHAINS, BEAD. See Bead Chains. 


CHAMBERS, TEST 


American Research Corp., 11 Brook, Bris- 


tol, i" 
Blue M Electric Co., 138th and Chatham 
1. 


Biue Island, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 


1lA 8B. 
Jefferson, Chicago 6, IL 


CHARGERS, MAGNET. 


& Demagnetizers 


See Magnetizers 


CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp., 


1059 Nepper- 
han Ave., Yonkers 8, N. Y. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Fasco Industries, Inc., Rochester 2, N. Y 

General Electric Co., Apparatus Sales Div. 


Schenectady 5, N. Y. 
Heinemann Electric Co., 99 Plum, Tren- 
ton, N. J. 
Pyle-National Co., 1888 N. Kostner Ave 
Chicago 51, Ill. 


Spencer Thermostat Div., of Metals & 
Controls Corp., 112 Forest, Attleboro 
Mass. 


Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 
Vector Electronic Co., 3552 Sam Fernando 
Rd,, Los Angeles 65, Calif 


CIRCUITS, ETCHED, PRINTED, ETC 


Aerovox Corp., New Bedford, Mass. 

Alden Products Co., 9125 N. Main, Brock- 
ton 64, Mass 

American Lava Corp., Chattanooga 5, Tenn. 

Centralab, Diy. of Globe-Union, Inc 
9623 E. Keefe Ave., Milwaukee 1, Wis 

Daven Co., 536 W. Mt. Pleasant Arve.. 
Livingston, N. J. 

Erie Resistor Corp., Electronics Div., Erie, 


Pa. 

Mycalex Corp. of America, 116 Clifton. 
Blvd., Clifton, N. J s 
Sprague Electric Co., 307 Marshall, North 

Inc., 


Adams, Mass. 

U. 8S. Engineering Co., 521 Com- 
mercial, Glendale 3. Calif. 

U. S. Gasket Co., Camden 1, N. J. 


CLAMPS and CLIPS, GROUND and 
TEST 

Burndy Engineering Co., Ine., Norwalk, 
Conn. 

Ilsco Corp.. 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Mueller Electric Co., 1550W FE. Sist. 
Cleveland 14, Ohio 

Sherman Mfg. Co., H. B., Battle Creek. 
Mich. 

Thomas & Betts Co., Ine., 28 Butler 


Elizabeth 1, N. J 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca 
more, Ill 
Weckesser Co.. 5256 N. Avondale Are 


Chicago 39, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills. Inc., 112-130 26th. Brook 
lyn 32, N. Y. 


CLIPS, SNAP. 
Snap. 


See Rings, Retainer & 


CLOTH INSULATING. See Fabrics, In- 


sulating. 


CLOTH, TRACING. See Tracing Cloth, 


Film & Paper. 
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* 
Capacitors made with new Du Pont MYLAR 
help Motorola obtain essential space savings 


“In designing our top-selling portable 
radios, the essential element of compact- 


ness was achieved through the help of 


”? 


capacitors made with Du Pont‘Mylar,’ 
reports Motorola, Inc. ‘“‘Smaller capaci- 
tors are possible because‘ M ylar’is tough, 
thin, and has high dielectric strength. 
In addition, the moisture insensitivity 
of these new capacitors assures superior 
performance, whether on the hot, humid 
beach or in cool mountain air.”’ 

This successful product innovation is 
only one example of the wav an imagi- 
native industry is putting the unique 
properties of Du Pont ‘‘Mylar’’ poly- 
ester film to profitable use. From metal- 
lic yarns to smaller transformers for 
guided missiles, Du Pont‘‘M ylar’’is mak- 
ing possible better products at lower cost 
in a wide variety of fields. Here’s why: 


‘“‘Mylar’’ has a tensile strength of 


20,000 pounds per square inch. It has 
greater dielectric strength than most 
known insulating materials, and an im- 
pact strength at least twice that of any 
known commercial film. What’s more, 
Du Pont ‘‘Mylar’’ is resistant to mois- 
ture and solvents, and remains flexible 


LAR 


POLYESTER FILM 


DU PONT 


Better Things for Better Living...through Chemistry 


*“Mylar”’ is the registered Du Pont trade-mark for its brand of polyester film. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





and stable over a temperature range 
extending from —80°F. to 300°F. 

How about your product? There may 
bea way “Mylar” cansolve those knotty 
problems and improve over-all perform- 
ance. Mail the coupon today for a fact- 
filled booklet telling you more about 
this new versatile film—‘‘Mylar.”’ 


E. |. du Pont de Nemours & Co. (Inec.) 
Film Department, Room 12EM, Nemours Bidg 
Wilmington 98, Del. 


Please send me sample and further information on 


Mylar” polyester film 


Name_ 
Firm 
Street Address 
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NEW CUTLER-HAMMER 


HEAVY DUTY, OILTIGHT 


I 


Mae etal lll ame 
dicating Light with separate 
winding transformer measur- 
ing only 1%” 


The new Cutler-Hammer Push- 
button with contact block meas- 
uring only 1°42” in depth. 





in depth. 


New small size contact blocks. 
New circuit flexibility. 

Better design; better perform- 
ance; better appearance. 





New small size contact 
block with both elec- 
trically and mechanic- 
ally isolated contacts. 


There is nothing to compare with Cutler-Hammer’s 
new line of heavy duty oiltight pushbuttons, selec- 
tor switches and indicating lights. There is nothing 
to compare with the new small size contact block 
which measures only 1°%” in depth behind the 
mounting panel. Nor is there anything to compare 
with the greater degree of circuit flexibility this new 
contact block provides. Only this has contacts “‘in 
parallel,’ electrically isolated from one another so 
that you can apply a different voltage on each set, 
or alternating current on one and direct current on 
the other. There is nothing to compare in size or 
design with the indicating light, resistor or trans- 
former type; nothing to compare in visibility 
the new Cutler-Hammer indicating light. 

So it goes throughout the complete new line. 
Every type of operator; every type of pushbutton; 
full range of colors in pushbuttons and indicating 
lights; new chrome-plated operators for lasting 
beauty; new design diaphragm for lasting perform- 
ance. These and many, many other features are 
described in a new, fully illustrated bulletin. Write 
for it now. See the complete line at your authorized 
Cutler-Hammer distributor. CUTLER-HAMMER, 
Inc., 1264 St. Paul Avenue, Milwaukee 1, Wiscon- 
sin. Associate: Canadian Cutler-Hammer, Ltd., 
Toronto, Ontario. 


with 
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CLUTCHES 

Centric Clutch Co., P. 
Route 9 at Main, 

Cutier-Hammer, iuc., 
Milwaukee 1, Wis. 

Eawn Mfg. Co., wynamatic Div., Ken- 
Osha, Wis. (Magnetic) 

Stearns Magnetic, anc., 642 8. 28th, Mil- 
waukee 46, Wis. (Magnetic) 

Warner Electric Brake & Clutch Co., 
Dept. EM, Beloit, Wis. (Magnetic) 


O. Box 175, U.S. 
Woodbridge, N. J. 
i204 St. Paul Ave., 


COAXIAL CABLE. See Wire & Cable, 
Insulated. 


COIL CORES and FORMS 
Alden Products Co., 9125 N. Main, Broek- 


ton 64, Mass. 

American Lava Corp., Chattanooga 45, 
enn. 

Cambridge Thermionic Corp., 458 Con- 
cord, Cambridge 338, Mass. 

Cleveland Container Co., 6201 Barberton 


Ave., Cleveland 2, Ohio 
Continental-Diamond Fibre Div. 


of The 
Budd Co., 


Inc., Newark 13, Del. 


Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Mycalex Corp. of America, 116 Clifton 
Blvd., Clifton, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Parmount Paper Tube Co., 612 Lafay- 
ette, Fort Wayne 2, Ind. 

Precision Paper Tube Co., 2085 W. 
Charleston, Chicago 47, IL. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, IL. 

Resinite Corp., Div. of Precision Paper 
Tube Co., 2035B W. Charleston, Chi- 
cago 47, Til. 

Stackpole Carbon Co., St. Marys, Pa. 
(Screw-type, Molded Iron) 

U. 8. Gasket Co., Camden 1, N. J. 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., 
Haven 14, Conn. 
Caledonia lectronics & Transformer Corp., 
Dept. EM-12, Caledonia, xe 
Cambridge Tease. 
Cambridge 38, Mass. 
Comar Electric Ca, 
Chicago 18, Ill. 
Corning Glass Works, 
(Glass Inductance) 
Coto-Coil Co., Inc., 
Providence 5, R. I. 
Cutler-Hammer, Inc., 


New 


453 Concord, 
3349 W. Addison, 
uN. Y. 
63 Pavilion Ave., 
1264 St. Paul Ave., 


Corning, 


Milwaukee 1, Wis. 

Dano Electric Co., 98 Main, Winsted, 
Conn, 

Deluxe Coils, Inc., 1300 First, Wabash, 
Ind. 

Dormeyer Industries, 8424 Milwaukee Ave., 
Chicago 41 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Five Star Co., Plants Place, Plantsville, 


Conn. 
General Electric Co., 
Div., Schenectady 5, 
Reproducer Corp., 


Apparatus Sales 
= 
Gries 
New Rochelle, N. 


125 “Beechwood 
Ave., 


is 
Nothelfer Winding Laboratories, 111 Albe- 
marle Ave., Trenton 8, } 
Tube Div., Har- 


Radio Corp. of America, 
rison, N. J. 

Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Tl. 

Universal Mfg. Co., 410 Hillside Ave., 
Hillside, N. J. 


COIL WINDING MACHINES 


Rex Rheostat Co., Baldwin, N. Y. 
Stevens Manufacturing Co., Inc., George, 
Pulaski Rd. at Peterson, Chicago 30, Ill. 


Universal Mfg. Co., 410 Hillside Ave., 
Hillside, N. J. 
Universal P.O. Box 1605, 


Winding Co,, 
Providence 1, R. I. 


COLD HEADED PARTS. See Fasteners. 


COMMUTATORS 
Kirkwood Commutator Co., 4855 W. 130th, 
Cleveland 11, Ohio 


Nippert Electric Products Co., 1759 W. 


Mound, Columbus 23, Ohio 
Triple ‘‘M’’ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, i 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty <Ave., 
Pittsburgh 22, Pa. 


COMMUTATOR SAWS and SLOTTERS 


Holub Industries, Inc., 445 Elm, Syca- 
more, Iil. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, IIL. 


COMPARATORS, OPTICAL 


Eastman Kodak Co., Rochester 4, N. Y. 


COMPOUNDS, SEALING. See Cement, 
Insulating & Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 


Doelcam, Div. ef Minneapolis-Honeywell, 
Soldiers Field Rd., Boston $5, Mass. 
Federal Telephone and Radio Co., Div. of 
International Telephone and Tel ‘apb 
Corp., 100 Kingsland Rd., Clifton, 
—— & Co., Inc., G. x. Pasadeng i 
Calif. 
Raytheon Manufacturing Co., Equipment 
Sales Div., Dept. 6120-EM, Waltham 
54, Mass. 


CONDENSERS. See Capacitors. 


CONDUIT FITTINGS 

Appleton Electric Co., 1723 Wellington 
Ave., Chicago 13, Ill. 

Buchanan Electrical Products Corp., 225 


Rte. 22, Hillside, N. J. 
Crouse-Hinds Co., Syracuse 1, N. Y. 


Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill. 
Simplet Electric Co., 1008 Park Ave, 


Sycamore, Ill. 


CONNECTORS, WIRE and CABLE 


Aircraft-Marine Products, Inc., 2100 Pax. 
ton, Harrisburg, Pa. 


Alden Products Co., 9125 N. Main, Brock- 
ton 64, Mass. 

American Brass Co., Waterbury 20, Conn 

American Phenolic Corp., 1830 8. 54 
Ave., Chicago 50, IL. 


Buchanan Electrical . Corp., 225 
Rte. 22. Hilllside, N. J. 

Buggie, Inc., H. HN P. O. Box 817 
Millbury, Ohio 

Burndy Engineering Co., Inc., Norwalk 
Conn. 

Cannon Electric Development Co., Dept 
500, 3209 Humboldt, Los Angeles 


Calif. 
Crouse-Hinds Co., 
DeJur-Amsco Corp., 

Long Island City 1, 
General Electric Co., 


Syracuse 1, N. Y. 
45-01 Northern Blvd., 
N. Y. 

ein Mate- 


rials Div., Bridgeport 2, 

Holub Industries, Inc., “we Eim, Syca- 
more. Ill. 

Ideal Industries, Inc., 1008 Park Ave., 


Sycamore, Ill. 
Iisco Corp.. 5745 Mariemont Ave., 
cinnati 27. Ohio 
Johns-Manville Corp., 


Cia- 


Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Til 
Johnson Co., E. F., 204 Second Ave, 


S.W.. Waseca, Minn. 
Joy Manufacturing Co., Henry W. Oliver 


Bldg.. Pittsburgh 22, a> 

Krueger & Hudepohl, Walsh Bldg., Cin- 
einnati 2. Ohto 

Pyle-National Co., 1888 N. Kostner Ave., 
Chicago 51, TIL. 

Russell & Stoll Co., Inc., 125 Barclay 
New York 7, N.Y. 

Scintilla Div.. Bendix Aviation Corp. 


Sidney, N. Y 
Sherman Mfg. Co., H. B., Battle Creek 
Mich. 
Soreng Products Corp., 


9551 Soreng Ave. 
Schiller Park, Tl. 


Switchcraft. Inc., 1828 N. Halsted, Chi- 
cago 22. Tl 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J 


CONTACTORS, MAGNETIC. See Relay 
& Contactors. 


CONTACTS and CONTACT POINTS 

Brainin Co.. C. S., 818 Washington, Mt 
Vernon, N. Y. 

Fansteel Metallurgical Corp., North Chi- 
cago, Tl! 

General Findings and Sunply Co., Indus- 


trial Div.. Attleboro, Mass. 
General Plate Div.. Metals and Control 
Corp., 412 Forest, Attleboro, Mass 
Gibson Electric Co 8349 Frankstowp 
Ave.. Pittsburgh 21. Pa. 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave.. Yonkers 8. N. 

Makepeace Co.. D. E.. Div of Tinton Plate 


and Wire Co., Attleboro, Mass. 
ney Co., Inc., P. R. Indianapolis 
Nev Co., J. M., 371 Elm, Hartford 1. 
Conn. 
Stackpole Carbon Co., St. Marys, Pa. 
Superior Carbon Products, Inc., 9114 
George Ave.. Cleveland 5. Ohio 
Wilson Co., The H. A Dept. E., 2655 
U. S. Route 22, Union, N. J. 


CONTACTS, CARBON. 
Graphite. 


See Carbon 4 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 11, N. J 


CONTAINERS. PACKAGING and SHIP- 
PING. See also Boxes and Crates, Wire- 
Seaea 


Gaylord Container Corp.. St. Louis 2, Mo 
Rathborne, Hair and Ridgway Box Co. 
1440 W. 21st Place, Chicago 8, Til. 


CONTRACT MANUFACTURING 
Acme Tndostrial Co., 204 N. Laflin, Chi 


cago 7, A 
Aluminum Cet Manufacturing Co. 
8. 


Manitowoc, 
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naturally . . . Mica is the ideal insulation 
. and skillfully treated, shaped and mold- 


ed, it becomes 


“> MACALLEN MICA 


. retaining al! its indispensable dielectric 
properties, while adding workability, uniform- 
ity, standard thickness and size, and absolute 
reliability, for efficient, economical electrical 


and industrial applications. MACALLEN means 


aN Mica — PLUS! 


when you think of MICA . . think of MACALLEN 


4 
23 
#4 
3 
$4 
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(Essex Boils it as a 
Safety Control, not 5, but 15 Minutes 
in One of Many Important Extra-Tests.) 


@ NEMA Standards require boiling 
tests of magnet wire in toluol and alcohol solutions 
for as long as five minutes to prove insulation. But 
Essex boils for 15 minutes in even stronger toluol- 
alcohol solutions. This enables Essex engineers to 
maintain complete control of curing or baking film- 
coatings within narrower limits... yet retain max- 
imum flexibility and adhesion. It is only one of 
many Essex tests over and above the standards that 
we make as safety controls . . . so you can be doubly 
sure with Essex Extra-Test Magnet Wire. 


IMMEDIATE DELIVERY IS AVAILABLE FROM STOCKS CARRIED 
IN ALL ESSEX WAREHOUSES THROUGHOUT THE COUNTRY 


MANUFACTURING PLANTS — Birmingham, Alabama; 
California; Fort Wayne, Indiana; Detroit, Michigan. 


SALES OFFICES AND WAREHOUSES*—“*Atlanta 9, Ga., 241 Boulevard N.E.; 
Birmingham, Ala., 2901 35th Ave., North; *Boston 20, Mass., 1040 Tremont St.; 
*Chicago 7, Iil., 411 South Peoria St.; Cleveland 15, O., 1501 Euclid Ave.; Dallas 
2, Tex., 1917 Levee St.; Dayton 2, O., 410 West First St.; Detroit 3, Mich., 14310 
Woodward Ave.; Fort Wayne 6, ind., 1601 Wall St.; Fort Worth 10, Tex., 2509 
West Berry St.; Hartford 3, Conn., 1731 Park St.; Houston 3, Tex., 2222 Leland 
Ave.; Indianapolis 5, Ind., 2051 East 46th St.; Kansas City 8, Mo., 2000 Forest Ave.; 
*Los Angeles 22, Cal., 6415 East Fleet St.; Memphis 12, Tenn., 369 Chuckwood Rd.; 
Milwaukee 2, Wisc., 312 East Wisconsin Ave.; Minneapolis 16, Minn., 5407 Excel- 
sior Bivd.; *Newark 5 N. J., 457 Frelinghuysen Ave.; *Portland 12, Ore., 525 
North Tillamook St.; Rochester (Brighton), N. Y., 15 Warrington Dr.; *St. Louis 3, 
Mo., 3435 Chouteau Ave.; *San Francisco 3, Cal., 1077 Howard St.; Upper Darby 
(Philadelphia), Pa., 6816 Market St.; Seattle, Wash. 444 Dexter Horton Bidg. 


(EE LTS AR A TT TET SEC AE A TL TT LS 


ESSEX EXTRA-TEST® MAGNET WIRE 
ESSEX WIRE CORPORATION 


FORT WAYNE 6, INDIANA 


Anaheim, 
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Atlas Precision Products Co. (Div. ef 
Prudential Industries), 8801 Castor Ave. 
Philadelphia, Pa. 


Chase Brass & Copper Ca, Waterbury 20, 


Conn. 
Geuuer, Paeschke & Frey Co., 1525 W. 

St. Paul Ave., Milwaukee 1, Wis. 
Kirk anu iSium Manufacturing Co., 3122 


Forrer, Cincinnati ¥, Ohie 


CONTROLLERS, MOTOR 


Allen-Bradley Ce., 1316 8. 2nd, Milwau 
Kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis. 

Bogue Electric Manufacturing Co., 60 lows 
Ave.. Paterson 3, N. J. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., i146 KE. 152nd, 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

ress Electric Co., 1024 McKee, Batavia, 

Generali Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Harnischfeger Corp., Milwaukee 46, Wis. 

Russell & Stoll Co., Inc., 125 Barclay, 
New York 7, N. Y. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Ward Leonard 


Co., 
Mount Vernon, 


Electric 600 South 


N. ¥ 


CONTROLLERS, POTENTIOMETER 

Bristol Co,, Waterbury 20, Conn. 

TAGliabue Instruments Div., Weston Elec- 
trical Instrument Corp., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 

Wheelco Instruments Div Barber-Colman 
Co., 1403 Rock, Rockford, Il 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


oasesess. 


*hotoelectric 


PHOTOELECTRIC. 


Controls 


See 


CONTROLS, PRESSURE and TEMPER- 
acon. See also Relays, Switches 
1ermostats 


Acro Manufacturing Co., Columbus 16, 
Ohio 

Allen-Bradley Co., 1316 S. 2nd, Milwau- 
kee 4, Wis 

Assembly Products, Inc., Chesterland 14, 
Ohic 

Barber-Coleman Cx Dept. X, 1203 Rock 
Rockford Ill 

sourns Laboratories, 6135 Magnolia Ave., 
Riverside, Calif 

Bristol Co., Waterbury 20, Conn 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Edison, Inc., Thomas A., Instrument Div 
Dept. 53. West Orange, N. J 


Ashland. Mass 
Hollywood Plaza, 


Fenwal Inc., 
G-V Controls, Inc., 8 
East Orange, N. J. 
eneral Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
General Thermostat Corp., 10 Albany Ave., 
Bartlett, N. H. 
Mercoid Corp., 4201 Chi- 

cago 41, Tl 
Robertshaw Thermostat 

Fulton Controls Co.. 
Spencer Thermostat Div. of Metals & Con- 

trols Corp., 112 Forest, Attleboro, Mass. 
Square D Co., 4041 N. Richards, Milwau- 


112 Pleasant 


Belmont Ave., 


Div., Robertshaw 
Youngwood, Pa. 


kee 12. Wis : 
TAGliabue Instruments’ Div., Weston Elec- 
trical Instrument Corp., 


614 Freling- 
huysen Ave., Newark 5, N. J 
Thermo Electric Co., 109 Fifth, Saddle 
River Township, Rochelle Park Post 
om e N. Jd. 
Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il. 


CONTROLS, REMOTE. See Push Button 


Stations Relays and Contactors; 
Switches 
CONTROLS. RESISTANCE. See Resis- 
tors, also Rheostats 
CONTROLS, SERVO. See Servomechan- 
isms. 
COPPER. See Brass, Bronze & Copper 


COPPER, BERYLLIUM 
Copper 


See 


Beryllium, 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers 
Washington Blvd., Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1, N. Y. 
Varflex Corp., 309 N. Jay, Rome, N. Y. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


Corp., 565 W. 


Pittsburgh 22, Pa. 
CORD, INSULATED. See Wire and 
Cable, Insulated. 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords. 


CORD SETS 


Alden Products Co., 9125 N. Main, Brock- 
won 64, Mass. 

Belden Manufacturing 
Buren, Chicago 44, 

Cornish Wire Co., Inc., 
tem 7, XN. F 

Cords Ltd., Div. Essex Wire Corp., 12) 
Dodge, DeKalb, Ill. 

sy Co., Carol Cable Div., Pawtucket, 
a 


Co., 4633 W. Van 
Ill. 


50 Church, New 


General Electric Co., Construction Mate- 


rials Div., Bridgeport 2, Conn 

Joy Manufacturing Co., Henry W. Oliver 
Bldg., Pittsburgh 22, Pa. 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. 

Royal Electric Co., Inc., Pawtucket, R. | 

U. S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Whitney Blake Co., New Haven 14, Conn 

Wire Stripper Co., 1729 Eastham Ave 
East Cleveland 12, Ohio 


CORES, POWDERED METAL. See Cores 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, 

American Lava Corp., 
Tenn. 

Arnold Engineering Co., Marengo, Ml. 


ae 
Chattanooga 5. 


General Ceramics Corp.. Keasbey, N. J 
Magnetics, Inc Dept. EM-23, Butler, Pa 
Radio Cores, Inc., 9540 Tulley Ave., Oak 


Lawn, Ill. 
Stackpole Carbon Co., St. Marys, Pa 


Thomas & Skinner, Inc., 1114 E 23rd, 
Indianapolis 7, Ind. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7010 Ingersol, Lan- 
caster, Pa. 

COUNTERS. See also Instruments, Elee- 
tronic; Relays 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 2u, Conn 

Corp., 202 20th, Moline 1 


Eagle Signal 
Ill 


Kellogg Switchboard and Supply Co., 798 
W. Monroe, Chicago 3, , 

National Acme Co., 176 E. 131st, Cleve- 
land 8, Ohio 

Production Instrument Co., 
Jackson Blvd., Chicago 6, 

Veeder-Root, Inc., 


700-04 
Ill. 
Hartford 2, Conn 


w 


COUPLINGS, CLUTCH. See Clutches 


COUPLINGS, FLEXIBLE 


Eaton Mfg. Co., Dynamatic Div., Ken- 
osha, Wis 
Gerbing Manufacturing Corp., Dept. EM6, 


Northbrook, Ill 

Koppers Co., Inc., Fasta Coupling Dept., 
200 Scott, Baltimore 3, Md. 

Lord Manufacturing Co., Pa 
(Bonded Rubber) 


Erie, 


CRYSTAL DIODES. See Rectifiers, Semi- 
conductor; Transistors & Crystal Diodes. 


CRYSTALS, QUARTZ 


Radio Corp. of America, Tube Div., Har- 
rison, N. J 

DECALCOMANIAS 

Meyercord Co., Dept. D-319, 53823 W 
Lake, Chicago 44, Il 

DELAY LINES. See Computer Compo- 


nents 


DIAL LIGHT ASSEMBLIES. See Lights, 
Pilot & Indicator. 


DIALS and PANELS 


Mica Insulator Co., Schenectady 1, N. Y. 


DIE CASTINGS. See Castings, Die 


DIE CASTING MACHINES 
Kux Machine Co., 6725 N. 
Chicago 26, Ill 


Ridge Blvd., 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 
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DIES, PRECISION, LAMINATION, Ete. 
Cleveland Tool & Die Co., 1643 Eddy 
Rd., Cleveland 12, Ohio 
Sylvania Electric Products 
troadway, New York 19, N. 


Inc., 1740 
Y 


DIODES. See Rectifiers, Semiconductor; 


rransistors & Crystal Diodes. 


DRAFTING EQUIPMENT and 
MATERIALS 

Bruning Co., Charles, 
Ave.. Chicago 41, Ill 

Eastman Kodak Co., Rochester 4, N. Y. 


4700 Montrose 


Keuffel & Esser Co., Hoboken, N. J. 
(walid, A Div. of General Aniline & Film 
Corp.. 330 Ozaway, Johnson City, N. Y¥ 
ersal Drafting Machine Corp., 7960 
rain Ave Cleveland 2. Ohio 
DRIVES, BELT 
Allis-Chalmers, Milwaukee 1, Wis 
Gerbing Manufacturing Corp., Dept. EM6 
Northbrook, Ill. 
ORIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 
Eaton Mfg. Co., Dynamatic Div., Ken- 
osha, Wis. 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
Reliance Electric & Engineering Co., 1054 


Ivanhoe Rd., Cleveland 10, Ohio 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 22. Pa ; 
DUCTS, WIRING (Control! Panel) 
Stahlin Brothers Fibre Works, In Dept 
. Z Belding, Mich, 
aylor Electric, Ine., 15402 Dale tre 
oa” Mie t 5 Da Detroit 
DUPLICATING MACHINES, DIELESS 
See Benders, Brake & Shears 
DYNAMOMETERS 
Baton Mfg. Co., Dynamatic Div., Ken- 
oa, Wis. 
neral Electric Co., Schenectady, N. Y¥ 
Robbins & Myers, Inc., Springfield 99 
Ohio 
Scherr Co., Inc., George, 200EM La 
fayette, New York 17, N.Y. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22. Pa 


ELECTRICAL SHEET ° 
lent. S. See Steel. Elec 


ELECTRONIC COMPONENTS. See spe 
cifle headings 


ELECTRONIC TUBE COMPONENTS 
(Bases, Caps, 


Lead-In Wires, Stamo- 
ings, Welds, Ete.) 
American Lava Corp., Chattanooga 5 
Tenn. 
Magineering Co, 27 Wright, Newark 5, 
ENAMELING SHEETS. See Steel, Com 
mercial Forms & Grades 


ENAMELS. 


nishes 


See La 
Finishing 


quer, Enamels & Var- 


EYELETS and GROMMETS 


ct ase Brass & Copper Co., W aterbury 20, 
Conn 

General Findings and Supply Co., In 
dustrial Div., Attleboro, Mass, 

Goshen Rubber Co., Inc., P. O. Box 
17, Goshen, Ind. 

Minnesota Rubber & Gasket Co., 3630 
Wooddale Ave., Minneapolis 16, Minn. 
Revere Copper & Brass, Inc., 230 Park 

Ave New York 17, N rs 
Roth ee Co., 1856 S. 54th, Chicago 
0, Il 
S. Gasket Co., Camden 1, N, J 


FABRICS. INSULATING. (Sheets, Tapes, 


Yarns, Thread, Cord, Ete.) 
Glass-Fiber, Varnished Cambric, Cottor 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting Synthetic Resir 
Tubing and Sheeting Bra 1 Fabric 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 

Bentley, Harris Mfg. Co., 1211 Barclay 
Conshohocken, Pa. 

Celanese Corp. of America, 290 Ferry, 
Newark 5, N. J. 

Continental-Diamond Fibre Co., Newark 
13, Del. 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass 


Dow Corning Corp 
Electro-Technical 
_ Chemical Corp., 
General Electric 
Plastics Ave. 


Midland, Mich. 
Products, Div. of 
Nutley 10, N. J. 
Co., Chemical Div., 1 
Pittsfield, Mass 


Sun 


READER INQUIRY SERVICE CARDS, 


PRECEDING 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & 


Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 
Johns-Manville, Box 60, New York 16, 
NX ; 
Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
Mica Insulator Co., Schenectady 1, N. Y. 
Minnesota Mining & Mfg. Co., Electrical 


Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. : 
Molded Fiberglass Sheet Co., 4315 Benefit 
Ave., Ashtabula, Ohio . 
Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. : 
New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 
Owens-Corning Fiberglas Corp., 598 Mad- 
ison Ave., New York 22, N. Y. 
Pittsburgh Plate Glass Co., Fiber Glass 
Div., 1 Gateway Center, Pittsburgh 22, 
Pa. 
Raybestos-Manhattan, Inc., Asbestos Tex- 
tile Div., Manheim, Pa. 


Varflex Corp., 309 N. Jay, Rome, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave. 
Pittsburgh 22, Pa. 


FANS and BLOWERS 


American Electric Motors, Div. of Amer 
ican Electronics, Inc., 4811 Anaheim 
Telegraph Rd.. Los Angeles 22, Calif. 

Bogue Electric Manufacturing Co., 60 Iows 
Ave., Paterson 3, N. J. 

Diehl Manufacturing Co., Electrical Div 


of The Singer Manufacturing Co., Somer 
ville, N. J 

EKastern Air Devices, Inc., 383 Centra 
Ave, Dover. N. H. 

Emerson Electric Mfg. Co., St. Louis 21 


Mo. 
Fasco Industries, Inc., 
chester 2, N. Y. 
Heinze Electric Co., 685 Lawrence. Low 


100 Augusta, Re 


ell, Mass. 
Koppers Co.. Inc., Propeller Dept. 20 
Scott, Baltimore 3, Md. 
Peerless Electric Co., 1508 W. Marke 
Warren, Ohio 
Robbins & Myers. Inc.. Propeller D'‘e 
Springfield 99. Ohio 
FASTENERS (Bo!ts & Nuts; Lock & 
Snap Assemblies; Pins; Pre-assembled 
Washers & Screws; Recessed Head 
Screws; Rivets; Screws; Washers.) 
Bolts and Nuts 
Machine Bolts and Nuts (A) 


Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nut» 
(D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Thresded Pina 
Studs and Special Parts (F) 

Cap Nuts (G) 

Spade Bolts 

Welding Nuts 

Wing Nuts 


(Ss) 
(Clinch-on) 
(Ww) 


(N) 


Aluminum Co. of America, Alcos Bide 
Pittsburgh 19, Pa. (A) 
American Screw Co., Willimantie, 
(BF) (Cold Header Screws) 
Anti-Corrosive Metal Products Co.. 
Castleton-on-Hudson, N. Y. (A) 

Bristol Co., Waterbury 20, Conn. (A) 

Buffalo Bolt Co., N. Tonowanda WN. Y¥ 
(AB) 

Burndy Norwalk 
Conn. 

Central Screw Co., 
Chicago 9, TI. 


Conr 


Ine 


Engineering Co., Ine., 
3501 S. Shields Ave 


(ABFSW) 


Chase Brass & Copper Co., Waterbury 2/ 
Conn. (ABCF) 

Chicago Screw Co 2517 Washingtor 
Blvd Bellwood, Til (A) 

Continental Screw Co., New Bedford, Mass 
(AB) 

Elastic Stop Nut Corp. of Amertea Tent 
N67 -1222 9330 Vauxhall Rd Unie 
N. J (ACDEN) 

Fischer Special Mfg. Co 446 Morxar 
Cincinnati 6, Ohio (AG) 

Gries Reproducer Corp 125 Beechwoor 
Ave., New Rochelle, N. ¥. (GW 
Hassall Ine John P.O. Box 2225 

Westbury EE nN: ¥. @ 

Keystone Bolt & Nut Corp., 127 Churct 
New York 7, N. Y. (AB) 

Lamson & Sessions Co 1981 W. 85tt 
Cleveland 2, Ohio (ABCDF) 


MacLean-Fogg Lock Nut Co., 5585 N. Wol 


cott Ave Chicago 40, Til. (C) 
Milford Rivet & Machine Co., Milford 
Conn. (BF) 
National Lock Co., Rockford, Ill. (A) 


Palnut Co., Sub. of United-Carr Fastener 


Corp., 66 Cordier, Irvington 11, N. J 
(C) 

Parker-Kalon Div., General Americar 
Transportation Corp 200 Varick, New 
York 14. N. Y. (AB) 

Prestole Corp., 1345 Miami, Toledo 5 
Ohio (D) 

Progressive Mfg. Co 44 Norwood, Tor 
rington, Conn (ABF) 

Shakeproof Div. of Illinois Tool Works 
2501 N. Keeler Ave., Chicago 39, II! 
(D) 

South Chester Corp., Southco Div., 3rd & 
N. Governor Printz Blvd., Lester, Pa 
CDEF) 

Standard Pressed Steel Co., Jenkintown 9 
Pa. (AN) 


Thompson-Bremer & Co., Sub. American 


Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. (C) 
Tinnerman Products, Inc., P. O. Box 6688 


Cleveland 1, Ohio (D) 


BACK COVER 





Types LP4—4 W. and LP5—5 W. shown. Also LP7—7 W. and LP10—10 W. 


Corning Low-Power Resistors 
for Radio and TV 


You'll find that Corning Low-Power Resistors perform 
admirably under the most adverse radio and TV operating 
conditions. Their resistance range is the highest of any low- 
power resistor. 

Small and compact, they save space. They are non- 
inductive and exceptionally stable. 

The fired-in film of metallic oxides on glass forms is 
tough, abrasion-resistant, difficult to scratch. No need for 
special handling to prevent damage during installation. 

The automatic resistance spiralling of these LP-type 
resistors is electronically controlled. Press-fitted caps with 
axial tinned leads ready to solder complete the assembly. 
This guarantees reliable uniformity of the following 
characteristics. 


CHARACTERISTICS 


Range—The LP4 resistors are available from 200 to 40,000 
Q; LPS from 200 to 45,0002; LP7 from 200 to 36,0000; 
LP10 from 200 to 50,000Q, with a + 10% tolerance. 


Power Rating is based on 40° C. ambient temperature for 
the LP4 and LP%S resistors and 25° C. ambient for the LP7 
and LP10 with an average hot spot of 275° C. 
Derating—With suitable derating, resistors can be operated 
at ambient temperatures over 120° C. 
Overload—Operated at 10 times the rated wattage for 5 
seconds, resistance change is less than 2%. 
Soldering—Permanent change in resistance due to normal 
soldering technique is less than 2%. 

Moisture—Resistance change Is less than 1% after 100 hours 
at an ambient temperature of 40° C. and 95% relative 
humidity. 


At Radio Frequencies 
inductive. 


The LP resistors are essentially non- 


Mechanical Protection—A high temperature lacquer coating 
provides added protection during handling. 

Availability—Immediately through Corning Glass Works or 
authorized distributors of Erie Resistor Corp. For new low 


prices and other information send the coupon, or write to 
Corning Glass Works, Corning, N. Y. 


———_—_— 


—-— Coming means reseacch on Cleed 


CORNING GLASS WORKS 


38-12 CRYSTAL STREET, CORNING, NEW YORK 





New Products Division 


Please send me descriptive catalog sheet on Corning Low-Power Resistors. 
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...an Extra Margin of | 


‘Profitable, Safe Operation) 


LARGEST RANGE OF 
R PLATE SIZES MADE 


a 


‘ 
i 


© 
s 


ron 


NY 


OLOWER FORWARD ved 
VOLTAGE DROP 


‘TOP PERFORMANCE _ 
F BOOSTS PRODUCT SALES 


* 


with SYV7TRON 
SELENIUM RECTIFIERS 


The extremely high ratio of d-c output to a-c input of Syntron 
Rectifiers is increasing the performance and sales of many 
products requiring current conversion. Vacuum processed to in- 
sure uniform, top-performance, Syntron Rectifiers are produced 
in the greatest range of cell sizes available and with the lowest 
forward voltage drop. In sizes from 1” square cells up to 30,000 
watt stacks for almost any requirement. 





. . . and for lower production costs 
ELECTRIC HEATING ELEMENTS 


Flat, thin strip design—maximum 


heat contact—uniform distribu- 
am tion. Full heat in a few seconds. 


In shapes for any requirement. 





PARTS FEEDERS 


Automatic, oriented, single line feeding of parts 
at finger-tip controlled speeds. Handle parts of 
practically any shape or material. Vibratory op- 
eration—ideal for automatic handling 








ELECTRIC VIBRATORS 


Assure a free flow of stubborn materials through 
bins, hoppers and chutes. No arching, plugging 
or clogging. Rheostat controlled vibration. 





Write today for complete catalogue data—Free 


SYNTRON COMPANY 


Homer City, Pa. 


490 Lexington Ave. 
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United-Carr Fastener Corp., Cambridge 
4z, Mass. (ACDE) 
Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
cago 22, Ill, (S) 


Lock & Snap Assemblies (Door Panel Shelf 
Support & Mounting, etc.) 
Dimco-Gray Co., 210 E. Sixth, Dayton 7, 
Uhio 

General Tire & Rubber Co., Industrial 
Products Div., Wabash, Ind. 

Simmons Fastener Corp., 1752 N. Broad- 
way, Albany 1, N. Y. 

Vibrex Fastener Corp., Mount Kisco 1, 
N. ¥ 


Pins—Cotter (F); Locking and Taper (G) 
Spiral Coil (M) 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. (F) 

Chase Brass & Copper Co., Waterbury 20, 
Conn (F) 

Chicago Screw Co., The, 2517 Washington 
Bivd Bellwood, Ill. (G) 

Elastic Stop Nut Corp. of America, Dept. 
N67-1222, 2330 Vauxhall Rd., Union, 
a. J 

Lamson & Sessions Co 1981 W. 85th, 
Cleveland 2, Ohio (F) 


Pre-Assembled Washers and Screws 


American Screw Co., Willimantic, Conn. 

Central Screw Co., 3501 S. Shields Ave., 
Chicago 9, Ill 

Continental Screw Co., New Bedford, Mass. 
Lamson & Sessions Co., 1981 W. 85th, 
Cleveland 2, Ohio 

National Lock Co., Rockford, Il. 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
2501 N. Keeler Ave., Chicago 39, I. 

South Chester Co., Southco Div., 3rd & N. 
Governor Printz Blvd., Lester, Pa. 

Thompson-Bremer & Co Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 

United-Carr Fastener Corp., Cambridge 
42, Mass. 


Recessed Head Screws 


Alden Products Co., 4125 N. Main, Brock- 
ton 64 Mass. 

Allmetal Screw Products ‘o., Inc., 821 
Stewart Ave., Garden Citys, N. Y. 

American Screw Co., Willimantic, Conn. 

Atlantic Screw Works, Inc., 85 Charter 
Oak Ave., Hartford, Conn. 

Blake & Johnson, Waterville 8, Conn. 

Bristol Co., Waterbury 20, Conn 

Central Screw Co., 3501 S. Shields Ave., 
Chicago 9, Ill 

Chase Brass & Copper Co 
Conn. 

Chicago Screw Co., The, 2517 Washington 
Blvd., Bellwood, Ill 

Continental Screw Co., New Bedford, Mass 

Eagle Lock Co., 20 S. Main, Terreyville, 
Conn 

Eleco Tool & Screw Corp., 190 W. Green- 
wood Ave., Philadelphia 40. Pa. 

Great Lakes Screw Corp., Chicago, Tl. 

Harper Co.. H. M., 8204 Lehigh Ave., 
Morton Grove, IIl 

Keystone Bolt & Nut Corp., 
New York 7, N. Y 

Lamson & Sessions Co., 1981 W. 85th, 
Cleveland 2. Ohio ~° 

Milford Rivet & Machine Co 
Conn. 

National Lock Co., Rockford, 1. 

National Screw & Manufacturing Co., 2440 
E. 75th, Cleveland 4, Ohio 

Parker-Kalon Div General American 
Transportation Corp., 20€ Varick. New 
York 14, N. Y 

Rockford Screw Products Co., Rockford. Tit 

Serew Research Association. 706 Union 
Trust Bldg., Providence 3, R. I 

Shakeproof Div. of M™linois Tool Works 
2591 N. Keeler Ave.. Chicago 39. TIl 

Southington Hardware Mfg. Co., South- 
ington, Conn 

Standard Pressed Steel Co 
P 


, Waterbury 20, 


127 Church, 


Milford, 


Jenkintown 9 


a 
Thompson-Bremer & Co Sub. American 
Machine & Foundry Co., 520 N. Dear 


horr Chicago 10 Til 
Wales-Beech Corp Rockford, Tl 


Rivets 


Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19. Pa 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y¥ 

Chase Brass & Copper Co., Waterbury 20, 
Conn. 
Chicago Rivet & Machine Co., 
Jackson Blvd.. Bellwood, TI! 
Continental Screw Co., New Bedford, Mass 
ju Pont de Nemours & Co. (Inc.), E. I 
Explosives Dept., Wilmington 98, Del 
Gries Reproducer Corp 125 Beechwood 
Ave., New Rochelle, N 

Harper Co.. H. M., 8204 Lehigh Ave., 
Morton Grove, TIl. 

Hassall, Inc., John. P.O. Box 2225 West- 
bury, L. I., N. Y¥ 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥ 

Milford Rivet & Machine Co., 
Conn 

Progressive Mfg. Co., 
rington, Conn 
South Chester Corp., Southco Div.. 
N. Governor Printz Blvd 

Tubular Rivet & Stud Co., 
Mass 


9609 W 


Milford 
44 Norwood, Tor- 
8rd & 


Lester, Pa 
Wollaston 70, 


Screws—Cap and Set. Machine rT 
Tapping (J) 
Allmetal Screw Products Co., Ine., £22) 


Stewart Ave., Garden City, N. Y 

Aluminum Co. of America, Al k. 
Pittsburgh 19, Pa. = 

Aree Screw Co., Willimantic, Conn. 
(HJ) 

Anti-Corrosive Metal Products Co., Ine. 
Castieton-on-Hudson, N. Y. (H) : 

Bristol «o., Waterbury 20, Conn. (H) 

Central Screw Co., 3501 8. Shields Ave. 
Chicago 9, Til. (HJ) . 

Chase Brass & Copper Co., Waterbury 20, 
Conn. (HJ) 

oe Screw Co., New Bedford, Mass 
(HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (J) 

Hassall, Inc., John, P.O. Box 2225, West- 
si i ae a 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (HJ) 

Lamson & Sessions Co., 1981 W. 85th. 
Cleveland 2, Ohio (HJ) 

Milford Rivet & Machine Co., Milford 


Conn. (HJ) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General American 
Transportation Corp., 200 Varick, New 
York 14, N. Y. (HJ) 

Progressive Mfg. Co., 44 Norwood, Tor- 
rington, Conn. (H) 

Set Screw & Manufacturing Co., 112 Main 
Bartlett, Ill. (H) 

Shakeproof Div.. of Illinois Tool Works, 
2501 N. Keeler Ave., Chicago 39, Ill 
(H) 

South Chester Corp., Southco Div., 3rd & 
ee Printz Blvd., Lester, Pa. 
{ J) 

Standard Pressed Stel Co., Jenkintown 9. 
Pa. (H) 

United-Carr Fastener Corp., Cambridge 42 
Mass. (HJ) 


Washers—Flat (K); Lock and Spring (L) 


Anti-Corrosive Metal Products Co., Ine., 
Castleton-on-Hudson, N. Y. (L) 

somes Spring Corp., Bristol, Conn 
( 4) 

Auburn Manufacturing Co., 306 Stack 
Middletown, Conn. (K) 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn, (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., 40300 Plymouth Rd., 
Plymouth, Mich. 

B-G-R Cook Plant Div., Associated 
Spring Corp., Ann Arbor, Mich. (KL) 

Blake & Johnson, Waterville 48, Conn. 

Chase Brass & Copper Co., Waterbury 20, 
Conn. (KL) 

ve Screw Co., New Bedford, Mass 
(KL) 

Dunbar Bros., Co., Div. Associated Spring 
Corp.. Bristol, Conn 

Freeway Washer & Stamping Co., P.O 
Box 1756, Cleveland 5, Ohio (K) 

Garrett Co.. Inc., George K., Philadelphis 
34, Pa. (KL) 

Gibson Co.. William D., Div. Asseciated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Til. (KL) 

Harper Co.. H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

Joliet Wrought Washer Co., Joliet. Mli- 
nois (K) 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y. (KL) 

Lamson & Sessions Co., 1981 W. 85th 
Cleveland 2. Ohio (KT) 

Manross & Sons Co., F. N., Div., Asso- 
ciated Spring Corp., Bristol, Conn. (KL) 

Milwaukee Div.. Associated Spring Corp.. 
341 E. Erie, Milwaukee, Wis. (KL) 

National Lock Washer Co., 40 Hermon 
Newark 5, N. J. (L) 

Ohio Div., Associated Spring Corp., 1712 
E. lst. Davton, Ohio (KL) 

Palnut Co.. Sub. of United-Carr Fastener 
Corp., 66 Cordier, Irvington 11, N. J. 


(L) 

Raymond Mfg. Co.. Div.. Associated Spring 
Corp., Corry. Pa. (KL) 

Reliance Div., Faton Mfg. Co., 504 Charles 
Ave., S.E., Massillon. Ohio (L) 

Shakeproof Div., of Illinois Tool Works 
ony N. Keeler Ave., Chicago 39. Til 
(L) 

South Chester Corp., Southco Div., 3rd_ & 
Governor Printz Blvd., Lester, Pa 
(L) 


Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co.. 520 N. Dear- 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., Cambridge 


42. Mass. (L) 
Wroucht Washer Mfg. (o., 
Milwaukee 7, Wis. (KL) 


2200 S. Bay 


FELT 


American Felt Co., 
Glenville, Conn 
Western Felt Works, 4021-4139 W. Ogden 

Ave., Chicago 23, Ill 


16 Glenville Rd., 


FIBRE, PHENOLIC. See Plastics, Lam!- 
nated 


FIBRE, VULCANIZED, (Board, Sheet, 
Rod, Tubing). 


Continental-Diamond Fibre Div., of The 
Budd Co., Inc., Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, TIl. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Spaniding Fibre Co., Inc., Tonawanda, 
N . 

Stahlin Brothers Fibre Works, Inc., Dept. 
E. Belding, Mich 

Taylor Fibre Co., Norristown, Pa 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. ¥ 


DECEMBER 1955 ELECTRICAL MANUFACTURING 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div. of Chrysler Corp., Dept 
E-12, Detroit 31, Mich. 

Bound Brook Uil-Less Bearing Co., Bound 
Brook, N. J. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 


FILTERS, RADIO 


Aerovox Corp., New Bedford, Mass. 
gen Corp., 255 Grant Ave., E. Newark, 
N 


Federal Telephone and Radio Co., Div 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Rd., Clif- 
ton, N. J. 

Filtron Co., Inc., 131-05 Fowler Ave., 
“lushing 55, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 


ir 


FLUORESCENT LAMP AUXILIARIES 


Includes Adapters, Ballasts, Compen- 
sators Control Units Starters and 
Transformers. For Resistors, see Re- 
sisturs, Instrument & Radio; also Ca- 
paci.ors. 

Acme Electric Corp., Cuba, N. Y. 

Aerovex Corp., New Bedford, Mass. 

Chicae‘o Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, IIL 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola te Co., 4633 W. 16th, Chicago 
50, : 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


FOILS, WIRE MARKING 


Kingsley Stamping Machine Co., 850 
Cahuenga, Hollywood 38, Calif 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Conn 

nse Brass & Copper Co., Waterbury 20, 
onn 

Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co Inc., 22nd 
and Master, Philadelphia 21, Pa 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non-ferrous) 


= & Son, In Joseph T., Chicago, 


FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Alden Products Co., 9125 N. Main, Brock- 
ton 64, Mass. 

Burndy Engineering Co Inc., Norwalk 
Conn 

Belet Industries, Inc., 445 Elm, Sycamore, 
Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill 
Iiseo Corp S745 
cinnati 27. Ohio 

Jones Div.. Howard B., Cinch Mfg 
Chicago 24. Il 

Sherman Mfg. Co.. H. B., Battle Creek, 
Mich 


Mariemont Ave., Cin- 


Corp., 


Square D Co 6060 Rivard, Detroit 11 
Mich 
FUSES 
Burndy Engineering Co Inc., Norwalk 
Conn 


General Electric Co.. Apparatus Sales Div., 
Schenectady 5, N. Y 

Royal Electric Co., Inc., Pawtucket. R. I 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 

Bristol Co., Waterbury 20, Conn 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N. J. 

TAGliabue Instrument Div Weston Elec- 
trical Instrument corp., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


GALVANOMETERS. See Instruments 


GASKETS 


American Felt Co., 
Glenville, Conn. 


Glenville Rd., 


Armstrong Cork Co,, 7012 Ingersol, Lan- 
caster, Pa. (Cork and Rubber Composi- 
tions) 

Auburn Manufacturing Co., 306 Stack, 
Middletown, Conn. 

Chase Brass & Copper Co., Waterbury 20, 
Conn, 

Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 

Crane Packing Co., 1824 Cuyler Ave., 
Chicago 13, Il. 

Garlock Packing Co., Palmyra, N. Y. 

Goshen Rubber Co., Inc., P.O. Box 517, 
Goshen, Ind. 

Johns-Manville, Box 60, New York 16, 
N.Y 


mM. Be 

Minnesota Rubber & Gasket Co., 3630 
Wooddale Ave., Minneapolis 16, Minn. 

Raybestos-Manhattan, Inc., Asbestos Tex- 
tile Div., Manheim, Pa 

Roth Rubber Co., 1856 S. 54th, Chicago 
50, Ill 

U. S. Gasket Co., Camden 1, N. J. 

U. S. Rubber Co., Rockefeller Center, 
New York 20, N. Y. 

Western Felt Works, 4035-4117 Ogden 
Ave., Chicago 23, Ml. 


GEARMOTORS. See Motors. 


GEARS and PINIONS 


Amplex Div., of Chrysler Corp., Dept. 
E-12, Detroit 31, Mich. 

Atlas Precision Products Co., (Div. of 
Prudential Industries), 3801 Castor Ave., 
Philadelphia 24, Pa 

Beaver Gear Works, Inc., 1035 Parmele, 
Rockford, Ill 

Bowmar Instrument Corp., 2415 Penn- 
sylvania Ave., Ft. Wayne, Ind. 

Cone-Drive Gears Div., Michigan Tool 
Co., 7171 E. MeNichols Rd., Detroit 
12, Mich. 

Continental-Diamond Fibre Div., of The 
Budd Co., Inc., Newark 13, Del 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, Ill 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Process Gear Co., Inc., 4612 W. Fuller- 
ton Ave., Chicago 39. Ill 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, III. 

Shakeproof Div. of Illinois Tool Works, 
2501 N. Keeler Ave., Chicago 39, Ill. 
United States Graphite Co., 1621 Holland, 

Saginaw, Mich 

Westinghouse’ Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22. Pa 

Winzeler Manufacturing & Tool Co., 1712 
W. Arcade Place, Chicago 12, Tl 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 


Bogue Electric Manufacturing Co., 60 
Towa Ave., Paterson 3 y 


Daven Co., 536 W. Mt. Pleasant Ave., 
Livingston, N. J 
Electric Indicator Co Inc., 105 Camp 


Ave., Springdale, Conn 

General Electric Co.. Apparatus Sales Div., 
Schenectady 5, N. Y 

Zeneral Electric Co Electronics Div., 
Electronics Park, Syracuse 1, N E 

Howard Industries Ine Dept EM-11 
1760 State. Racine, Wis. 

Servo Corp. of America, New Hyde Park, 
y. = 


Southwestern Industrial Electronics Co., 
2831 Post Oak Rd P.O Box 13058, 
Houston, Texas 


GERMANIUM DIODES, See Rectifiers, 
Semiconductor; Transistors & Crystal 
Diodes 


GLASS-BONDED MICA 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 

Mycalex Corp. of America, 116 Clifton 
Blvd., Clifton, N. J 


GLASS-FIBER. YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating 


GLASS, TECHNICAL 


Corning Glass Works, Corning. N. ¥ 

Hermaseal Co., Inc., 1010 Main, Elkhart, 
Ind Tubes 

Kopp Glass, Inc., Swissvale. Pa 
Pittsburgh Plate Glass Co 1 Gateway 
Center, Pittsburgh 22. Pa 


GOLD, ROLLED. (Plate and Wire) 


American Silver Co Inc., 36-02 Prince, 
Flushing 54, N. Y 
General Plate Div., Metals & Controls 


Corp., 412 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
.  & 

Leach & Garner Co., Industrial Div., At- 
tleboro, Mass 

Makepeace Co., D. E., Div. of Union Plate 
and Wire Co., Attleboro, Mass 

Ney Co J. M., 371 Elm, Hartford 1, 
Conn 

Wilson Co The H A., Dept. E, 2655 
U. S. Route 22, Union, N. J. 


GRAPHITE. See Carbon and Graphite. 


READER INQUIRY SERVICE CARDS, PRECEDING BAC K COVER 


with 


REEWAY 
STAMPINGS 


You cut costs twice... when you specify Free- 

way stampings. Because first... they're priced 

low, thanks to patented dies and mass produc- 

— tion presses. Second .. . they consistent- 
ly “meet the specs’, to minimize as- 
sembly time in your own shop. Let us 
prove this to you... with a quotation 
on your next order. 


Regardless of the metal, quantity, size or shape 
... Freeway washers are made better and cost 
less. They're flat, burr-free, concentric. They fit 
fast... and right! Use coupon below. 


Freeway ball bearings install easily, permanently 
... thanks to a patented outer race that enables 
| them to be snapped quickly, firmly into position. 
| And they cost so little! Descriptive literature upon 
request. 


Y WASHER & STAMPING COMPANY 


P. O. Box 1756, Cleveland 5, Ohio 
Gentlemen: Please send us more facts about..... 
( ) Stampings, ( ) Washers, ( ) Bearings. 


COMBGUYsci< <cic'ssew« 


Signature... 


= me a a | ice 7 a I a et 





GREASE, BEARING Daven Co, 536 W, Mt. Pleasant ave,, 


Dow Corning Corp., Midland, Mich. (Sili- uae hd i; 01 Northern Bivd., 
a? Long Island City 1, N. Y. 
= 7 ° 


Doelcam, Div. of Minneapolis- Honeywell, 
soldiers Field Rd., Boston 35, Mass. 


Federal Telephone and Radio Co., Div. of 

i GRIPS and CLAMPS, STRAIN RELIEF international Telephone and ‘Telegraph 

ows n r a Heyman Mfg. Co., Kenilworth 1, N. J. Corp., 100 Kingsland Rd., Clifton, N, J. 
Pyle-National Co., 1388 N. Kostner Ave., Freed Transformer Co., Inc., 1736 Weir- 

‘Chicago 51, Il field, Brooklyn (Ridgewood) Fe ® 


Walker Co., George, 118 Amsterdam Ave., General Electric Co., Apparatus Sales 
a e€ al ns gg ere Passaic, N. J. Div., Schenectady 5, N. Y. 


Holub Industries, Inc., 445 Elm, Sycamore, 


Ill. 
| de ; 0 — 
HARNESSES and AssemeLies, wine ‘ccs! Induction, Inc., 1008 Park Ave, 
Alden Products Co.,9125 N. Main, Brock- Industrial Development Laboratories, Ine., 
ton 64, Mass. 31 Pollock Ave., Jersey City 5, N. J, 
Belden Mfg. Co., 4633 W. Van Buren, Industrial Test Equi ment Co., 55 E, 11th, 
Chicago 44, Ill New York 3, N. Y. 
Cornish Wire Co., 50 Church, New York International Instruments, Inc., P.O, Bog 
lee Es "954, New Haven 15, Conn 
Crescent Co., Carol Cable Div., Pawtucket, Link Aviation, Inc., Sub. of General Pre- 
| R. I. cision Equipment Corp., Binghamton, 
| Drake Manufacturing Co., 1711 W. Hub- Ms he 
| bard, Chicago 22, Ill National Pneumatic Co., Inc., and Holtzer- 
Essex Wire © Wire Cabot Divs., 125 


Corp., Assembly Div., Amory, Boston 19, 























Monticello, Ind Mass : 
| General Electric Co., Construction Mate- VPhaostron Co., 151 Pasadena Ave, § 
' | rials Div., Bridgeport 2, Conn Pasadena, Calif. 
Joy Manufacturing Co., Henry W. Oliver Radio Corp. of America, Tube Div., Har 
a | Bldg., Pittsburgh 22; Pa. rison, N. J. 
Phalo Plastics Corp., Commercial & Fos- Koller-Smith Co., Instrument Div., 1825 
+ } ter, Worcester 8, Mass W. Market, Bethlehem, Pa 
6 Switchcraft, Inc., 1328 N. Halsted, Chi- Simpson Electric Co., 5202 W. McKinzie, 
| cago 22, Ill Chicago 44, Ill 
Whitney Blake Co., New Haven 14, Conn. Southwestern Industrial Electronics Corp., 
| Wire Stripper Co 1729 Eastham Ave., P.O. Box 13058, 2831 Post Oak Rd., 
| East Cleveland 12, Ohio Houston 19, Texas 
cc PR, | Sticht Co., Inc., Herman H., 27 Park P1., 
*s ne York 7. 'N = c : cs 
| Waterman ucts 0., ne., 2445-68 
| nese Fe ee ti ws Emerald, Philadelphia 25, Pa. (Oscillo- 
Automotic Electric Sales Corp., Fs scope) 
e Permanently anchor Van Buren, Chicago 11, IIL. Westinghouse Electric Corp., Gateway 
ext ° duct a. ae = 8, 401 Liberty Ave., 
*ittsburgh 22, Ps 
enor con ors HEATING ELEMENTS and UNITS Weston Electrical Instrument Corp., 614 
e Withstand strains u agg Frelinghuysen Ave., Newark 5, N. J 
Pp Coperunten OO Globar Div., Niagara wWheelco Instrument Div., Barber-Colman 
alls, } 


to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 


Co., 1408 Rock, Rockford, Il 
Cutler-Hammer, Inc., 1264 St. Paul Ave., - Se ee ” 


Milwaukee 1, Wis 
Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J 


General Electric Co., Apparatus Sales Div.. jNSTRUMENTS, ELECTRONIC. See also 
Schenectady 5, N. Y. £ Oscilloscopes; Recorders, Oscillographi 
Still- _, _Co., 429 E. 164th, New York 


56, N Bristol Co., Waterbury 20, Conn. 
ens . Syntron “Ce, Homer City, Pa. waren os — yr Mt Pleasant Ave 
entry and positively prevent loosening Vulcan Electric Co., Danvers 2, Mass. D nares gston, N 7 
: Watlow Electric Mfg. Co., 1362 Ferguson Doelcam, Div. of Minneapolis- Honeywell, 
of the conductor at the terminals. Solve | wattightise itctte Mrp., 160 Mercer, D4. Mont’ Labgratorige ne, Allen i. 16 
- | estinghouse Electric Corp., 16 ercer, ; - "Ny , 
your cord and cable failures PERMANENTLY | Meadville, Pa ceo g ~ Hy Ry 


Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 
HERMETIC SEALS. See Seals and Ter- General Electric Co., Apparatus Sales 
| minals, Hermetic Div., Schenectady 5, N. ¥ 
Hewlett-Packard Co., 2705E Page Mill 
Rd., Palo Alto, Calif 


wherever exterior conductors supply the 
power! Underwriters accepted. 


a 


HIGH-FREQUENCY HEATING UNITS ions .s Te? 
i . llth, New York 3, N. Y. 
FOR EVERY TYPE elm aels ls satel Allis-Chalmers, Milwaukee 1, Wis aseeetee. Inc., 1607 Flower, Glendale, 
G Electric © c ae Cali 
EVERY ASSEMBLY LINE OPERATION! = ae se Bales Magnetic Amplifiers, Inc., 632 Tinton 
| Radio Receptor Co., Inc., Semi-Conductor . ae New York 55. N. ¥ a 
| _ Div., 251 W. 19th, New York 14, N. ¥. Sanborn Co., Industrial Div. 195 Mase- 
Westinghouse “Electric Corp., Gateway . Chusetts Ave., Cambridge 39, Mass. 
GRIPMASTER ALL-METAL TYPE Center, Bldg. No. 8, 401 Liberty Ave., — Y” of America, New Hyde Park 
Slight pressure permanently positions Pittsburgh 22, Ps Simpson Electric Co., 5202 W McKinzie, 
° ° ° ° Chicago 44 
‘= this one-piece type. The strain relief Seathwestern’ Tnduststel Whecteenkee Com 
— forms a smooth metal band which is | HIGH NICKEL ALLOYS. See Nickel and P.O. Box 13058, 2831 Post Oak Rd., 


| Nickel Alloys. Houston 19, Texas 


firmly locked in a tenacious grip about Sticht Co., Inc., Herman H., 27 Park Pl 
New York 7, N. ¥ 


the cable. Weston Electrical Instrument Co., 614 
a HOLDERS, COMMUTATOR BRUSH Frelinghuysen Ave., Newark 5, N. J 


D. B .Flower Manufacturing Co., 1217 ; 
GRIPMASTER CLICKON TYPE 


Spring Garden iiladelphia 23, Pa. 
Graphite Metalli Corp., 1059 Nepper- 
Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 












han Ave., Yonkers 3, N. Y. INSTRUMENTS, LABORATORY 
Mycalex Corp. of America, 116 Clifton STANDARD 
Blvd Clifton, N. J. (Glass Bonded 

















Mica Acme Electric Corp., Cuba, N. Y 
. : : ieee — a 9 te Co., Waterbury 20, Conn. _ 
ring with uniform pressure around the eee Seetee Bae C.. MOES We Sam Clari Mfg, Co., It ; Dover, N. H., 
‘ Wott TRE? Mnsieieees : . msco Corp., 45-0 orthern 
cable circumference. I oa “M . oe ents De. ‘on : sland City Y 
ing & . g. Co. surnee v6, Al Div of apo lis Honeywell 
ce a ee es ee es — € Fiek ston 35, Mass. 
freed Transformer Co., Inc 1736 Weir 
IMMERSION HEATER UNITS. See Heat field, Brooklyn (Ridigerned) 7. 3: = 
GRIPMASTER INSULATED TYPE 2 a Nee General Electric Co., Apparatus Salet 
Y \ Di Schenectady 5, N. Y¥ 
hot “ re > yy Radio Frequency Laboratories, Inc., Boon 
Especially adapted to assembly line IMPREGNATING COMPOUNDS. See Ce- {0.9 Nod. bial 
. > 500 7T) bowmnnnd ment. Ins ting & Sealing: Waxes and rAGliabue Instruments Div., Weston Elec 
operations. Forms a neat, compact ring, = e\ ment, fosulating & Seallng; sand “trical Instrument Corp., 614 Frelinghuy 
. ° : : ; —— rk 5. NN. J 
holding the cable in a vise-like grip. ctric Corp Gateway 
3, 401 Liberty Ave 
INDICATORS, HEAT. See Thermometers 


“Instrument Corp.,_ 614 
ve., Newark 5, N. J 
Div., Barber-Colmap 


GRIPMASTER WIRE INDICATORS, SPEED. See Tachometers.  ©®+ 1403 Rock, Rockford, Ill 
BINDING SLEEVES — 
Prevent the fraying of INDUCTION HEATING. See High-Fr INSULATING MATERIALS. See follow 
J cord ends. Specially treat- y Heati: ing specific headings 


. 5 Cement, Insulating and Sealing 

ed rubber tubes available Ceramics ee ee 

: s : Cork and Cork Composition 

in 5 wire sizes to .790. | INFRA-RED LAMPS. See Lamps, Incan- eee 
scent & Infra-red Felt re eee 7 


CALL OR WRITE TODAY, FOR NEW | Glass:Bonded Mie 


Glass-Bonded Mica 


CATALOG, SAMPLES, QUOTATIONS | INSTRUMENTS. ELECTRICAL MEAS- Mica Muided and Laminated 


| URING and TESTING Paper, Insulating 


j Acme Electric Corp., Cuba, N. Y Plastics, Molding, Laminating, Cast 
; Aerovox Corp., New Bedford. Mass ing and Extrusion Compounds 

Assembly Products Inc., Chesterland 14 Porcelain 

Ohio Rubber and Rubber Products 
EXCLUSIVE MANUFACTURERS | Associated Research Inc., 3794 W. Bel Silicones 

: | mont, Chicago 18, Ill Sleeving and Tape, Asbestos 

118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY Bristol Co., Waterbury 20, Conn Tape, Friction and Splice 
Burlington Instrument Co., 125 Third Tape and Sheeting, Synthetic Resin 
2 Burlington, Iowa Tubing, Paper 
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Tubing and Sleeving, Braided Fabric 

fubing and Sleeving, Extruded Plastic 

Varnishes, Compounds and Resins, In- 
sulating 

Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


American Lava  Corp., 
Tenn. 

Bakelite Co., Div. of Union Carbide & 
Carbon Corp., 300 Madison Ave., New 
Yoru 17, Bb. Y¥. 

Dow Corning Corp., Midland, Mich. 

du Pont de Nemours & Co., (Inc.), E. 3.. 
Wilmingten 98, Del. 

Eastman Kodak Co., Rochester 4, N. Y. 

General Electrie Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., Div. of 
B. F. Goodrich Co,, Dept. BK-6, Rose 
Bidg., Cleveland 15, Ohio 

Kellogg Co., M. W., Chemical Mfg. Div., 
Danforth Ave., Jersey City 5, N. J. 

Oronite Chemical Co., 38 Sansome, San 
Francisco 4, Calif. 


Chattaneoga 5, 


Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


U. S. Rubber Co., Rockefeller Center, 
New York 20, N. Y¥. 


IRONS, SOLDERING. See 


Soldering 
Equipment. 


ISOLATORS, VIBRATION and SHOCK. 
See Mountings, Rubber and Synthetic 


JEWEL, LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator. 


KNOBS and HANDLES, STOCK 
MOLDED 


Chicago Molded Products Corp., 1024 N. 
Kolmar Ave., Chicago 51, Ill. 

Davies Molding Co., Harry, 1428 
Wells, Chicago 10, IL 

Dimeo-Gray Co., 710 E. Sixth, Dayton 7, 
Ohio 

Kurz-Kasch, Inc., 1419 S. Broadway, Day- 
ton 1, Ohio 

Midwest Molding & Mfg. Co., 
oF ll 

Richardson Co., 
Ml 


Gurnee 
2799 Lake, Melrose Park, 


Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ml 


LACQUERS. ENAMELS, PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 4004-06 
E. Monument, Baltimore 5, Md. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa, 

Bakelite Co.. A Div. of Union Carbide & 
Carbon Corp., 300 Madison Ave., New 
York 17, N. Y. 

Dow Corning Corp., Midland, Mich., 
(Silicone Resins & Varnishes) 

du Pont de Nemours & Co., (Ine.), E. I, 
Finishes Dept., Wilmington 98, Del 

Pittsburgh Plate Glass Co., 1 Gateway 
Center, Pittsburgh 22, Pe 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainin Co., C. S., 320 Washington, Mt. 
Vernon, N. Y 
General Plate Div Metals and Controls 

; 2 Forest, Attlebore, Mass 
Handy & Harman, 82 Fulton, New York 
a. HN. ¥. 

Leach & Garner Co., Industrial Div., At- 





tleboro, Mass 
Makepeace Co D. E.. Div. of Union 
Plate and Wire Co., Attleboro, Mass 
Wilson Co., The H. A., Dept. E.. 2655 


I. S. Route Union, N. J. 
LAMINATED PLASTICS. See Plastics. 


LAMINATIONS. MOTOR and 
TR F R 


ANSFORME 
Magnetics, Inc., Dept. EM-23, Butler. Pa 
Thomas & Skinner Steel Ine, 1114 E. 


rd. Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleve- 
land 12, Ohio 
Westinghouse’ El 
Center, Bldg 


Pittsburgh 22, Pa, 





ectric Corp Gateway 
3. 401 Liberty Ave., 





LAMPS, INCANDESCENT and 
INFRA-RED 


General Electric Co., Nela Park, Cleveland 


: Ohio 
estinghouse Electric Corp Gateway 
Center, Bldg. No. 3. 401 Liberty Ave., 


Pittsburgh 22, Pa 


LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park, Cleveland 
] Ohio 

Westinghouse Electric Corp., jateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


LAMPS, MINIATURE (Pilot and Indi- 
cator) 


Chicago Miniature Lamp Works, 1500 N. 
Ogden, Chicago 10, Ill. 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


LAVA, See Ceramics. 


LAYOUT FLUID 
Dvkem Co., 2303-F. N. llth, St. Louts 6, 


LENSES, PRESSED GLASS 


Corning Glass Works, Corning, N. Y 
Kopp Glass, Inc., Swissvale, Pa. 


LIGHTS, PILOT and INDICATOR 

Alden Products Co., 9125 N. Main, Brock- 
ton 64, Mass. 

Cannon Electric Development Co., Dept 
500. 3209 Humboldt, Los Angeles 31 
Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Dialight Corp., 42-60 Stewart Ave., Brook- 
lyn 37, N. Y. 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Johnson Co., E. F., 204 Second Ave., 
S.W., Waseca, Minn 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill. 

Square D Co., 4041 N. 
waukee 12, Wis. 


Richards, Mil 


LOCKNUTS and LOCK WASHERS 
See Fasteners 


LUBRICANTS 


Electrofilm Corp., Dept. V-1, P.O. Box 
106, North Hollywood 6, Calif 


LUBRICATORS, OIL and GREASE 


Gits Bros. Mfg. Co., 1840 S. Kilbourr 
Ave., Chicago 23, IIL. 

LUGS and TERMINALS 

Aircraft-Marine Products, Inc., 2100 Pax 


ton, Harrisburg, Pa. 

American Brass Co., Waterbury 20, Conn 

Bead Chain Mig. Co., 13 Mountain Grove 
Bridgeport 5, Conn. (Hollow Tubular 

Buchanan Electrical Products Corp., Hill 
side, N. J. 

Burndy Engineering Co., Inc., 
Conn. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Electrix Corp., Ashton, R. I 

Heyman Mfg. Co., Kenilworth 1, N. J 

Iisco Corp., 5745 Mariemont Ave., Cin 
cinnati 27, Ohio 

Johnson Co., E. F., 
S.W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Krueger & Hudepohl, Walsh Blidg., Cin 
cinnati 2, Ohio 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ill 

Mycalex Corp. of America, 116 Cliftor 
Blvd., Clifton, N. J 

—. Co., 35 Verona Ave., Newark 4 


Norwalk 


204 Second Ave 


Sealectro Corp 186 Union Ave., New 
Rochelle, N. ¥ 

Shakeproof Div. of Illinois Tool Works 
2501 N. Keeler Ave., Chicago 39, Ill 
Sherman Mfg. Co., H. B., Battle Creek 
Mich. 

Soreng Products Corp., 9551 Soreng Ave 
Schiller Park, Tl 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J 

Thompson-Bremer & Co., Sub. Americar 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill 

U.S. Engineering Co., Inc., 521 Con 
mercial, Glendale 3, Calif 


MACHINES. See specific he 


Balancing; Coil Winding; Lie Ca g 
Eyelet Attaching; Microfilm; Molding 
Print; Rivet Setting; Screw. Driv 
Strippers, Wire; Vibration Test 

see Marking Machines and Devices 





MAGNETIC AMPLIFIERS 


Bogue Electric Manufacturing Co., 
Ave., Paterson 3, N. J 
Doelcam, Div. of Minneapolis-Honeywell 
Soldiers Field Rd., Beston 35, Mass. 
Freed Transformer Co., Inc., 1730 Weir- 
field, Brooklyn (Ridgewood) 27, N. Y 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. ; 
Kearfott Co., Inc., 1378 Main Ave., Clif 
ton, N. J. - 
Keystone Products Co., 904-6 23rd, Unior 
City, N. J. 
Magnetic Amplifiers, Inc., 632 Tinton Ave 
New York 5 iz 
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MAKE A SPRING 
TESTER OUT OF 
ANY SHOP 
VISE! 


Just one 


DILLON 


tee 
tat 


GAUGE 


With this handy, LOW COST pressure measuring 
gauge and an ordinary shop vise, many important 
tests may be conducted. Also checks pressures be- 
tween rollers, platens, in arbor presses, etc. Capaci- 
ties from as low as 0-10 Ibs. up to as high as 0-10,000 
lbs. Accurate to within one division. Fully jewelled. 
Will fit into SMALL space. Tension models also 
available. 


of innumerable 
applications 


Write TODAY for profusely illustrated literature. 


W. C. DILLON & CO., INC. 





14628F Keswick St., Van Nuys (Suburb of Los Angeles), Calif. 


Time delays in 
automation 
circuits 


ENC 


Time / Delay / Relay 







When automatic machinery and circuits must be timed with 
repetitive accuracy from 0.1 second to ten minute Ss or more ) 
vou'll find a sure, reliable answer in AGASTAT electrically 
actuated pneumatically-timed time delay relays. 


The AGASTAT is ® light, versatile, dependable. 
® unaffected by voltage variations. 
@ instantaneous recycling. 
® available in models which offer delays on energiz- 
ing and de-energizing, two-step delays, manually- 
actuated time delay switch, remote push button 
control. 


WRITE our application engineers for help with 
your timing problem. Address Dept. A23-1221. 


Elastic Stop Nut Corporation 
of America 
1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


DIVISION 
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TRANSFORMERS 
designed and built 
especially for your 


equipment +’ 


\ 






\ 
Ni 





As an electrical equipment manufacturer, 
you realize the importance of dependable 
control transformers in the equipment you 
build. For over 30 years manufacturers 
have specified STANDARD CONTROL 
TRANSFORMERS for their product. 
STANDARD TRANSFORMERS are com- 
pactly built to your exact requirements with 
plenty of reserve capacity for accurate 
operating efficiency. Call your nearby 
STANDARD representative concerning 
your transformer problem, or write 
STANDARD for information and literature. 


, fy 


r é ‘ ome eer i aan fan 
ATHE STANDARD TRANSFORMER COMPANY 





a sitio 


WARREN, 
REPRESENTATIVES IN 


oHIO 


PRINCIPAL CITIES 


Polytechnic Research & Development Co., 
Inc., 202 Tillary, Brooklyn, N. Y. 
Westinghouse Electric Corp., Gateway 


Center Bldg., No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


MAGNETIC BRAKES. See Brakes, Mag 
netic. 


MAGNETIC MATERIALS. See Steel Elec- 
trical; Magnets, Permanent; Magnetic 


Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 

Driver Co Wilbur B 150 
Ave., Newark 4, N 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 


Riverside 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency 


Laboratories Ine 
Boonton 9, N. J 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill 

Crucible Steel Co. of America, Henry W 
Oliver Bldg., Pittsburgh 30, Pa 

General Magnetic Corp., 10007 Erwin 
Detroit 34, Mich 

— Steel Products Co., Valparaiso 
nd. 

Thomas & Skinner Steel Inc., 1114 E 23rd 
Indianapolis 7, Ind. 


MAGNET WIRE. See Wire. Magnet 


MARKING MACHINES and DEVICES 

(For Marking Wire, Foil, Plates, ete.) 
Kingsley Stamping Machine Co., 850 
Cahuenga, Hollywood 38, Calif. 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre Div. of The 
Budd Co.. Inc., Newark 13, Del. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Robbins & Myers, Inc., Crane & Hoist 
Div Springfield 99, Ohio 


Spaulding Fibre Co., Inc., Tonawanda, 
ie 


MERCURY RELAYS, See Relays 
MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 
Metallizing Engineering Co Inc 1113 
Prospect Ave., Westbury, L. I., N. Y¥ 


METALS, LAMINATED. See Laminated 
Metals, Precious & Base 


METALS. PRECIOUS. See Gold; Lami 
nated Metals; Platinum; Silver 


METALS, PRE-PLATED. See Pre-Plated 
Metals. 


METALS, RARE 


Fansteel Metallurgical Corp., 
cago, Ill 

Mallory & Co., Inc., P. R., 
6. Ind 


North Chi- 


Indianapolis 


METAL STAMPING TOOLS 


Numberall Stamp & Tool Co., 


Huguenot 
Park, Staten Island 12, 


METERS. See 


Instruments 


MICA, GLASS-BONDED. See 
Bonded Mica. 


Glass 


MICA, MOLDED and LAMINATED 


(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, etc.) 
Continental-Diamond Fibre Div. of The 
Budd Co In Newark 13, Del 
General Electric Co Chemical Div., 1 
Plastics Ave Pittsfield, Mass 
Insulation Manufacturers Corp., 565 W. 


Washington Blvd 
Macallen Cx 3ay Rd.. Newmarket, N. H 
Mica Insulator Co., Schenectady 1, N. Y¥ 
New England Mica Co., Inc., 66 Woerd 

Ave., Waltham 54, Mass. 


Chicago 6, Ill 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill 
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MICROFILM EQUIPMENT 


Eastman Kodak Co., Rochester 4, N. Y 
(Micro-Film Machines) ' 


MOLDED INSULATION and MOL 
PRODUCTS. See Ceramics, Mica, = 
tics, Rubber. 


MOLDING MACHINES, PLASTIC 
Baker Brothers, Inc., 1020 Post, T 
10, Ohio + 


Kux Machine Co., 6725 N. Ridge B 
Chicago 26, Ill. “ ova, 


MOLYBDENUM—Sheet and Wire 
(See also Contacts) 

Fansteel Metallurgical Corp., North Chi- 
cago, Iil. 

Mallory & Co., Inc., P. R. 


Indiar 1 
Ind. eames 


MOTOR BASES ADJUSTABLE 
Allis-Chalmers, Milwaukee 1, Wis 


MOTOR CONTROLS and STARTERS 


See Controllers, Motor; 


Push Button 
Stations. 


MOTORS and GENERATORS. See Motors 
Table on page 345 


MCUNTINGS, RUBBER and 
SYNTHETIC 
B Controls, Inc., 708 Pleasant, Water- 


arry 

town 72, Mass 

General Tire & Rubber Co., Industrial 
Products Div., Wabash, Ind. 

Johns Manville Corp., Duteh Brand, Div., 
7800 Woodlawn Ave., Chicage 19, Ill. 

Lord Manufacturing Co., Erie, Pa 

Minnesota Rubber & Gasket Co. 3630 
Wooddale Ave., Minneapolis 16, Minn 


U. S. Rubber Co., Rockefeller Center, New 
York 20. N. Y. 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W., 234 North Elm, 
Waterbury 20, Conn. 
Haydon Mfg. Co., Inc., 


2529 Elm, Tor- 
tington, Conn 


NAME and INSTRUCTION PLATES 


C & H Supply Co., Metal-Cal., 415 E. 
Beach Ave.. Inglewood 3, Calif. 

Continental-Diamond Fibre Div 
Budd Co., Inc., Newark 13, Del. 

General Electric Co., Chemical Div. 1 
Plastics Ave., Pittsfield, Mass. (Plast- 
ics) 

Mica Insulator Co., Schenectady 1, N. Y. 
(Plastics) 
North Shore 
Northern Blvd 


of The 


Nameplate, Inc 
Bayside, N. Y 


214-27 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


Alloy Metal Wire Div., H. K. Porter Co 
Inc. of Pittsburgh, Prospect Park, Pa 

American Brass Co., Waterbury 20, Conn 
(Cupro- Nickel) 

Chase Brass & Copper Co 
Conn. 

Driver Co Wilbur B., 
Ave., Newark 4, N. J 

Driver-Harris Co., Harrison, N. J 
International Nickel Co., Inc., 67 Wall 
New York 5. N. Y 

Revere Copper & Brass, Inc., 
Ave.,. New York 17, N. Y 


, Waterbury 20, 


150 Riverside 


230 Park 


NICKEL-SILVER ; 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Waterbury 20, 
Conn 

Revere Copper & Brass Inc., 
Ave., New York 17, N Es 

Seymour Manufacturing Co., 
Conn 


230 Park 


Seymour, 


NON-MAGNETIC IRON and STEEL 


See Steel, Stainless 


NUTS. See Fasteners 


NUT RUNNERS. See Screw-Driving Ma 
chine 


OHMETERS. See Instruments 


OILERS. See Lubricators, Oil or Grease 


OSCILLATORS. See Instruments 
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MOTORS 






































Acro Manufacturing Co., Columbus 16 
Ohio (B) 

Allis-Chalmers, Milwaukee 1, Wis. (KL- 
MNOQRTUVW) 

Allis Co., The Louis, Milwaukee 7, Wis. 
(KLNOQRU VYZ 

American Electric Motors, 4811 Anaheim- 
Telegraph Rd., Los Angeles 22, Calif. 
(BFKNQU) 

Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo., (FGKLN) 

Barber-Colman Co. Dept, U, 1403 Rock, 
Rockford, IIL (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHJQRTYZ&) 

Bogue Electric Manufacturing Co., 60 
Iowa Ave., Paterson 3, N. J., (FGJKL- 
MNOPLUVW) 

Century Electric Co., 1806 Pine, St. 
Louls 3, Mo. (FGKLNOPQRUVWYZ) 

Cramer Co., Inc., R. W., Box 8, Center- 
brook, Conn. (A) 

Dayton Electric Mfg. Co., 118 S. Oak- 
ley Blvd., Chicago 12, Il (BFHK) 
Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Somer- 

ville, N. J. (BCFHKNV) (Servo) 

Doelcam, Div. of Minneapolis- Honeywell, 
Soldiers Field Rd., Boston 35, Mass 

Doerr, Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eaton Mfz. Co., Dynamatic Div., Kenosha, 
Wis. (FKN) 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. (ABEFJQTU) 
(Servo) 

Electric Indicator Co., Inc., 105 Camp 
Ave., Springdale, Conn. (BCDEFGHJ- 
UVW) = (Servo) 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo. (FGJIKLMQR) 

Fairchild Industries, Div. of Fairchild 
Camera & Instrument Corn. 110 Main, 
Burlington, Vt. (BCDEFGH) 

‘asco Industries, In Rochester 2, N, Y 
(BCDFGHYZ& 

Ford Instrument Co., Div. of Sperry Rand 
Corp., 31-10 Thomson Ave., Long Island 
City 1, N. Y. (FYW) (Servo) 

G-M Laboratories, In 4336 N. Knox 
Ave.. Chicago 41, Tl 

General Electric Co., Apparatus Sales Div. 
Schenectady 5. N y 
(BCDEFGHIKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. ML, Elyria, 
Ohio (BQYZ) 

Hagen Mfg. Co., Inc., 202-20th, Moline 
lil (ABCDE) 

Hansen Mfg. Co., Inc., Princeton 3, Ind. 
(ARCEVXYZ) 

Harnischfeger Corp., Milwaukee 46, Wis 
(FGKLMOTY) 

Haydon Co.. A. W. 84 N. Elm, Water- 
bury 20 Conn. (CXZ) 

Haydon Mfe (Co., Ine 2529 Elm, Tor- 
rington. Conn. (ARCYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (RCTDFZ) 

Hertner Electric Co. 12690 Fir 








od Ave 
Cleveland a, Ohio (BCEFGIUVW) 
(Servo) 

Holtzer-Cabot Motor Div... National Pneu- 
matic Co.. Tne. 19% Amnry Boston 19, 


Mass. (ABCEFGHIQUVYZ) 


OSCILLOSCOPES. See Instruments, Ele 
troni also Recorders, Oscillographi 
Du Mont Laboratories, Tre Allen B 
760 Bloomfield Ave., Clifton, N. J. 
Federal Telephone and Radio Co.. Div. of 
International Telenhone and Telegraph 
Corp.. 100 Kingsland Rd., Clifton 


Mm. 2, 

General Electric Co, 
Div., Schenectady 5, N 

Radio Corn. of America. Tube Div., Har- 
rison, N. J 

Simpson Electrie Co., 5202 W MeKinzie 
Chicago 44. Tl 

Waterman Products Co Tne 2445-63 
Emerald. Philadelphia 25, Pa 


Arnaratus Sales 
Y 


OVENS. INDUSTRIAL 


Michigan Oven Co., 415 Brainard, Detroit 
1, Mich. 


PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


PACKINGS. See Gaskets. 


PAINTS. See Lacquers, Enamels, Paints 
and Varnishes. 


PALLADIUM. See Platinum and Plat 
inum Products. 


READER INQUIRY SERVICE CARDS 





Miniature Timing Motors, Geared | x 
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“Generators | u | v | | w 
Low Voltages (Under 110) Y z | 7 





Howard Industries Inc., Dept EM-11, 
i760 State, Racine, Wis, (ABCDEFG- 
HQRTUV YZ) 

Howell Electric Motors Co., Howell, Mich 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 7620 Broadway 
Cleveland 1, Ohio (FR) 

Janette Electric Mfg. Co., Morton Grove, 
Ill. (FGKLQRUV) 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J. (UY) (Servo) 

Lamb Electric Co., Kent, Ohio (BCDEF- 
GHJQRSZ) 

Leland Electric Co., Div. of American 
Machine and Foundry Co., Dayton 1 
Ohio (FGKLNOUV) 

Lima Electric Co., 4773 Findlay Rd. 
Lima, Ohio (FKN) 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Ill. (FGKLNOUV) 

Marco Industries, Inc., 788 Terrace Blvd. 
Depew, N. Y. 

Master Electric Co., Dayton 1, Ohie 
(FGIKLMNOPQRTU VW) 

Motorsearch Co., 1600 Junction Ave., Ra 
cine, Wis. (BQY) 

Oster Manufacturing Co., John, Racine 
Wis. (BCFGHUVY&) (Servo and Syn 
chro) 

PM Industries Inc., Instrument Motors 
Div., 272 Fairfield Ave., Stamford 
Conn. (CV) 

Peerless Electric Co 1503 W. Marke 
Warren, Ohio (FGKLN) 

Pesco Products Div., Borg-Warner Corp 
24700 N. Miles Rd., Bedford, Ohio 
(CGLZ) 

Rae Motor Corp., 2009 Kewanee St., Ra 
cine, Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 
(FGKLNOV) 

Reuland Electric Co., Alhambra, Calif 
(KNQ) 

Robbins & Myers. Inc Motor Div 
Springfield 99. Ohio (BCDFEFGIJKNT) 

Scruggs Co., Loyd, Festus. Mo. (BCD 
YZ&) 

Servo Corp. of America, New Hyde Park 
N. Y. (Servo) 

Smith Cerp., A. O P. O. Box 170 
Dayton. Ohio (FKN) 

Soreng Products Corp., 9551 Soreng Ave 
Schiller Park. Tl. (F) 

Star-Kimhble Motor Div. of Miehle Print 
ing Press & Mfg. Co 2nk Rinoomfield 
Ave., Bloomfleld. N. J. (KLNOQRYZ) 

Sterling Electric Motors. Inc., 5401 Ana 
heim-Telecranh Rd., Los Angeles 22 
Calif. (FKNQ) 

Ther Electric & Machine Works, 11A S| 
Jefferson. Chicago 6. TI. 

Transicoll Corn., 1346 Germantown Pike | 
& Quarrvhall Road, Fairview Village | 
Pa. (Servo) | 

U. S. Electrical Motors, Inc.. P. 0. Box | 
2058, Los Angeles 54, Calif (FKNQY) | 

Wagner Flectri Corp 6454. Plymouth 
Ave., St. Louls 14, Mo. (FGKLNYZ) 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittshurch 22, Pa. (BCDEFGHIKIM 
NOPQRSZ&) 


PANEL CONTROL UNITS | 


Allen-Bradley Co., 1316 S. Second, Mil- | 
waukee 4, Wis. | 

Rristol Co., Waterbury 20. Conn. 

Clark Controller Co., 1146 E. 152nd 
Cleveland 10, Ohio 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1. Wis 

Eacle Signal Corp., 202 20th, Moline 1 
Til 


General Electric Co., 
TDiv.. Schenectady 5, 
Heinemann FElectic Co., 90 Plum, Trer 
ton. N. J | 
Square D Co.. 4041 N. Richards, Mil | 
waukee 12. Wis | 
Ward Leonard Flectric Co., 600 South | 
Mount Vernon. N. Y | 
Westinghouse Electric Corn Gateway 
Center. Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 
Wheelco Instruments Div.. Rarber-Colmar 
Co., 1403 Rock, Rockford, Til 


Apparatus Sales | 
ee 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL. See Shee 
Metal Fabricators 


PAPER, INDUSTRIAL 

Cottrell Paper Co., Inc., 88 Purchase 
Fall River 1, Mass. 

Hollingsworth & Vose Co., East Walpole 
Mass. 

Mosinee Paper Mills Co., Dept. EM 
Mosinee, Wis 

West Virginia Pulp and Paper Co., 23! 
Park Ave, New York 17, N. Y. 


PRECEDING BACK COVER 














IMPEDANCE 
He 


FOR a3 
LABORATORY | = 
AND 
PRODUCTION 
IMPEDANCE 
TESTING 


Tests Resistors, Condensers, Inductors 


Percentage Deviation From Standard 
Read On Large Meter athe 3 


Rapid Response — No Buttons To Push $2 i i. tT 
High Accuracy And Stability ae 


Self Calibrating — Requires No NEW YORK 
Recalibration When Changing Ranges 









SPECIFICATIONS 
Bridge Supply Volts....... 2 volts 
Component Voltage At Balance....1 volt 
Frequency . . . Either 1,000 C.P.S., or 10,000 C.P.S. 
Full Scale Ranges... +5%, +10%, +20% 
Component Test Ranges: 

Resistance ---5 ohms - 5 megohms 

Capacitance - - - 50 mmf - 20 mfd 

Inductance - - - 100 microhenry - 80 henries 
Power Supply --- 105-125 volts, 60 C.P.S. 


Representatives in Principal Cities 


UU Ss a 


55 EAST 11th STREET © NEW YORK 3, N.Y. 






























COPALAM electrical 
insulating material 


¢ Meets all Class B requirements 

* Dielectric strength — 600 volts per mil 

* Tensile strength — 25,000 Ibs./sq. in. 

* Thicknesses from .010 to .025 

* An asbestos-glass laminate 

* No delamination or fraying 

¢ High impact strength and arc resistance 


¢ Will take any e'sctrical varnish 


Write for litcrotus and free somple 


Representatives everywhere 


COTTRELL PAPER COMPANY, INC. 
Mn Mac ee ae 
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| PAPER, INSULATING Kby Co Hugh H., 4704 Stenton Ave., 
i Acme W a 255 : Vhiladelphia 44, Pa s 
mem 54 yi 5 Dixwell Ave.. New brie Resistor Corp., Plastics Div., Erie, 
} Continental-Diamond Fibre Div. of The "a . " 3 ; 
| qbtldd Go., Inc... Newark 13. Del inci Coe SS SS NY ee 
e "ape Cc . > as I nati 32 10. . 
Fall wise 1. oe. 88 Purchase. ¢ srriel 1 Manufacturing Co., 20 River Road, 
Dennison Monutecturing Co., 300 Howard , Gartie i king Co., Palmyra, N. Y 
amingham ass ; x ‘ > a : 
General Electric Co., Chemical Div., ) “eneral Americ an _ Transportation Corp 
Plastics Ave.. Pittsfield, Mass. ee ee eS eee ee 
— & Vose Co., East Walpole. General Electric Co., Chemical Div., 1 
amet: ——— nae Plastics Ave Pittsfield, Mass 
— Manufacturers Corp. 565 W General ‘Tire & Rubber Co., Industria) 
| ashington Blvd Chicago 6, Ill. Products Div Wabash, Ind. 
| Irvington Div., Minnesota Mining & ates Maeesdaner Garp ‘195 biteiiedl 
| Feputoctaring Co., 9 Argyle Terrace ate a) aelie aa: 
Johns-Manville, , hy 60, N Y vg Irvington Div Minnesota Mining & 
N.Y. . » New York 16 Manufacturing Co., 9 Argyle Terrace, 
Mice a ed Co., Schenectady 1. N. ¥ can ta Msciding and Tool Co. 
oe “oe Mills Co., Dept. EM 1204 Southhard Trenton 8, N. J. | 
e is ove _§ ' : : 
Notional nnd Fibre Co., Wilming- — ju. sed me: 
ton 9¢§ el. , 
Natvar Corp. 207 Randolph Ave., Wood- Began Molding & Mfg. Co., Gurnee, 
widge, N. J. . : = 
ne Fibre Co., Inc., Tonawanda. a 1 Insulation Co., 51 Murray, 
| West Virginia _Pulp and Paper Co., 230 —e ee Fibre Co., Wilming- 
ae aes. “Rew Sek wy. |S Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 
Phalo Plastics Corp., Commercial & Fos- 
PAPER. PH . ter, Worcester 8, Mass 
(Insert name of person most likely to give you gift) DUCTION STORRS REED Polymer Corp. of Penna., 2120 Fairmom 





ne (% *harle ae F Ave. Heading Pa. ; : 
ae . wanes FOR CHRISTMAS , nai Ghicato ae aa ee Raybestos-Manhattan, tiie, ASDeston. Tex- 
feud. & Dit, of Guamel Anlies 6 tis abe tei nh tee Rete 

is A NEW UNIVERSAL Corp., 330 Ozaway, Johnson City, N. ¥. a ndustries ne... . 


Resistoflex Corp Belleville 9, N. 


J 
Richardson Co., 2799 Lake, Melrose Park 
Ppp Ill. 
FR } Pan ee. TRACING. See Tracing Cloth, Rogan Brothers, 8027 N. Monticello Ave., 


Paper Skokie, Ill. 

P 1 Si D fti E bi Rostone Corp., Lateyete. ind. on 

ersona ize Vrattin nsembie Ryerson & Son, Inc Josep bs cago 
SS 9 ; PARTS FEEDERS, SELECTIVE _ Tl. J ; 
Fora LIFETIME of | Detroit Power Screwdriver Co., 2817 W, Spaulding Fibre Co., Inc., Tonawanda 
res Lone - Fort, Detroit 16, Mich. (Hopper Units) ovo. 9 ‘ nen duae Inc.. 1740 
earn” p | somes Cahir es, Pu B raters Seah Pe tre, 

Synthane Corp., 17 River Road, Oaks, Pa 

Taylor Fibre Co., ee * ; 

‘eeen boobs o600S O00 bebd00 S650 s0be bes ove | : U. S. Gasket Co., Camden 1, N. J. 
Signed | een MAGNETS. See Magnets Westinghouse Electric Corp., Gateway 

t nanen 


| Center, Bldg. No. 3, 401 Liberty Ave 
PS | | Pittsburgh 22. Pa 


PHOSPHOR BRONZE 


* You can get it at most every | 
(Rod, Sheet, Tubing, Wire) 


drafting materials dealer, or write to 











American Brass Co., Waterbury 20, Conn PLASTICS — MOLDING, LAMINATING 
UNIVERSAL DRAFTING MACHINE CORP. | Chase Brass & Copper Co., Waterbury 20 CASTING and EXTRUSION 
i Conn. COMPOUNDS 
7960 Lorain Ave. * Cleveland 2, Ohio Mailery & Co.. Inc. P. B.. Indienepelis 
— 6, Ind Alkyd Molding Compound T) 
Revere Copper & Brass, Inc., 230 Park Cellulose Acetate (&) 
| Ave.. New York 17, N. ¥ Cellulose Nitrate (K) 
: Seyi r Manufacturing Co., Seymour Epoxy Resins (v) 
Cont Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (C) 
° ° Methyl Methacrylate (D) 
when it’s time PHOTOELECTRIC CELLS and TUBES  Xylon = 
. >) nenolics 
General Electric Co Electronics Div., Plastosols, Vinyl (1) 
Thompson Rd., Syracuse, N. Y cioarhnwleinn ; (H) 
b b il International Rectifier Cor 1521 E. = polyester Resins (Q) 
y e Grand Ave El Segundo, Calif Silicone Resins (Ss) 
see Radio Corp. of America, Tube Div.. Har Rtvrenss (F) 
buzzer ene Urea, "Formaldehsd g 
—— Vinyl Acetal 4 
. Vinyl Alcohol . 
or light PHOTOELECTRIC CONTROLS ee. soe \ 
a _ Bristol Co., Waterbury 20. Conn V invlidenechloride (Ww) 
a ; al Electri ce Apparatu Sales Vinvl Chloride Acetate (M) 
v Schenectady 3. N 7 Vinvlidene (Chloride (N) 
Mercoid Corp 4201 Belmont Ave., Chi 
cago 41 Ill 
Westinghouse Electric Corp., Gateway American Cyanamid Co., 33D Rockefeller 
Center, Bldg. No. 3, 401 Liberty Ave Plaza, New York 29, N. Y. (CJQ) 
Pittsburgh 22, Pa Bakelite Co., A Div. of Union Carbide & 
| Weston Electrical Instrument Corp 614 Carben Corp., 300 Madison Ave., New 
Frelinghuysen Ave., Newark 5, N. J York 17, N. Y. (EFHJMQUV) 
| Barrett Div Allied Chemical & Dye 
Corp., 40 Rector, New York 6, N. Y 
Celanese Corp. of America, 290 Ferry 
PILLOW BLOCKS. See Blocks, Pillow eee kK mo 
ig r m1 Dow Corning Corp., Midland, Mich. (8 
iu Po de me mours & Co (Ine.) a 
ire on s Wilmington ‘ 
PINS, COTTER and LOCK. See Fasteners Poly a i¢ Dept ilming 


Del ADG REPR) 


4 | Durez Plastics Tis Flooker Electro 
Tita es chemical Co 312 Wakk Rd ene 
Tonawanda, N. Y. (E) (Casting Kes 
ee ju oral Electric Co Chemical Div., 1 
Bead Chain Mfg. Cec 3 Mountain Grove, Plastics Ave., Pittsfeld, Mass (EFQS) 
Bridgeport 5, Conr Glastic Corp.. 4321 Glenridge, Cleveland 
21, Ohio (Q 


: ; Goodrict “hemieal Cr B. F.. Dept 
Wherever schedules must be maintained, protect - 








: BK-6, Rose Bldg.. Cleveland 15, Mhio 

your operations against error, delay or omission PONORGANIO’ tne Scone se INVW . man OW 
of vital time signals. Be sure, with the precision- F ee a of Re ee ae 

engineered dependability of ZENITH PROGRAM Kellogg Co MW ‘Chemie al Mfg OP 

TIMERS. On h , 5 anforth Ave.. Jersey City 5, N. J. (P) 

Once set, they don’t forget. PLASTICS MOLDERS, EXTRUDERS =, Danforth) Ave.. Jersey vty ai Diviston 

: : and FABRICATORS Dent EM-125. Pittsburgh 19, Pa AT) 

Operate your time signals automatically . Alden Products Co., 9125 N. Main, Brock- Minnesota Mining & Mfg. Co., Electrical 

ot any 5 minute period of each 24 hours—21, ton 64, Mass. Products Div., 900 Fauquier Ave., St 

minute periods—with the Zenith Duplex model Sees: eoeater  Coxp... Mew Prenton. pete” Meek ¢ Plastics Div 

: . . Monsanto “hemica “e Plas 

Thousands of Zenith units are faithfully serving Anchor Plastics ( Inc., 36-36 36th. ones 2401 Springfield 2, Mass 

in: factories, chemical and processing plants, Long Island City 6, N.Y. (CEFV) 

schools, hotels, institutions, airports, railroads, Nee ie eamutecturing Co., 806 Stack. Pittsburgh Plate Glass Co... Fiber oon 

4 . 3 idletown, ynn atew lent » < ‘= 
watchmen reporting systems: Zenith can give Barber-Colmar I Dept, X, 1203 Rock ." eee ee nee 
you the same dependable service. Rockford, Ill ; " Plastics Engineering (Co., Shebeysan 

Chicago Molded Products Corp., 1024 N. Wis 
PR or Ave. Chicago 51, Ml Polymer Corp. of Penna., 2120 Fairmont 
My ; ontinental Can Co., Conolite Div., 205 Reading, Pa. (GP) 

See Classified Telephone Directory for Local Representatives . . . orwrite | W. 14th, Wilmington 99, Del. Resistoflex Corp., Belleville 9. N. J. (P) 
| Continental-Diamond Fibre Div. of The Rogan Brothers, 8997 N. Monticello Are 
| Budd Co., Inc., Newark 13, Del Skokie, Tl. (CEJ) 
| Crane Packing Co., 1824 Cuyler Ave., Rostone Corp., Lafayette, Ind. (A) | 

ZENITH EL Chicago 13. Ill Shell Chemical Corp.. 50 W. 50th, New 

. ee ae i. Harry, 1428 N. York 290. N. Y. (0) 1 (P) 

; Tells icago 10, ML Tt’. S. Gasket Co.. Camden 1, N. £ ' 

152 West Walton Street Chicago 10, Illinois |  Dimco-Gray Co., 210 E. Sixth, Dayton 2. {7 & Rubhher Co... Rockefeller Center 
Ohio New York 20. N. Y¥ 
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Hot and Cold Custom Molding of Special 
TTS ATCT a cae TET 


US ary malay 

Symbol of aOR 

OTT NUH SOO R UTLEY 
1908 VET ae 


Write for 
ILLUSTRATED ® 
INFORMATIVE 


BULLETIN eT Cee 


GARFIELD, NEW JERSEY 


e 
your future in 


ROCKET POWER 


As the foremost company devoted 
exclusively to the design and pro- 
duction of rocket engines, Aerojet- 
General Corporation, a subsidiary 
of The General Tire G Rubber 
Company, is recruiting qualified 
engineers for varied long rarae 
programs in rockets and guided 
missiles 

At Azusa and Sacramento, Calli 
fornia, Aerojet is in the process of 
expanding its research, testing and 
manufacturing facilities to keep 
pace with the constant advance in 
the rocket engine and guided mis 
sile field. The diversification of 
projects, both governmental and 
civilian, insures you of not just a 
job but of intriguing and varied 
activity in an organization that is 
a leader in a highly interesting 


Aerojet needs — 


Mechanical Engineers 

Electronic Engineers 

Chemical Engineers 

Aeronautical Engineers or 
Aerodynamicists 

Physicists 

Chemists 


Design G Development Engineers 
Interesting assignments in 
power plant development in 
the following fields: 





Pumps G Turbines 


es %& Clarostat Series PC-017 consists of field. Valves G Controls 
Fius/minus | t nomina two ‘‘Fixtohm’’* deposited-carbon pre- Aerojet-General represents an out 
Sy £5 el ES a “4 — P P standing opportunity for a man Rotating Machinery 
lead vdiue; paired cision resistors, approved under MIL- 
. E 5 who has his eye on the future—a Combustion Chambers 
than 1 mir R-1059A specs, encapsulated in special challenging and productive future 
compound to provide highly similar in rocket power Electrohydraulic Systems 
iit pnsedhs thermal conditions within capsule as 
ambient temperature varies. x Data Send resume to: EMPLOYMENT SUPERVISOR 


on request. 


Dept. EM, Azusa, Calif. 


Cyl Gera conrorsri0x 


A Subsidiary of AZUSA, CALIFORNIA 
CINCINNATI, OHIO 


CLAROSTAT MFG. CO., INC. aS A 


The General Tire & Rubber Company SACRAMENTO, CALIFORNIA 





Canada: Canadian Marconi Co., Ltd., Toronto 17. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 347 








Your mechanisms will run smoother, 
last longer, give better service and sat- 
isfaction with WINZELER Stamped 
Gears. You can avoid costly downtime 
too, because of greater accuracy and 
uniformity. We mass-produce Stamped 
Gears and Segments from any material 
with remarkable skill and precision. 
Some are laminated, indexed and assem- 
bled, to cut costs for many unusual ap- 
plications. Stock dies available. Tell us 
now, about your needs. 


WIMZELER MANUFACTURING & TOOL 00. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 





SEND FOR 4-page fold- 


er containing valuable 
Stamped Gear data and 
tables. Write today! 









iv uJ 


WE LIKE 


DIFFICULT JOBS: 


@ One glance at this insulator and you can see it’s a 
difficult piece to produce, what with its angles, circles, 
holes, bosses. And the underside is almost as complicated. 
We like jobs like this! It challenges our experience 


and facilities. 


If you have a difficult insulator that you want produced 
properly, send your specs to Universal. 


me UNIVERSAL 


1540 FIRST STREET 








CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


ee RNS RNR 
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PLASTICS, SHEETS, RODS and TUBES 


Aircraft-Marine Products, Inc., Amplifilm 
Div., 2100 Paxton, Harrisburg, Pa. (Di- 
electric Sheets) 

Campco Div., Chicago Molded Products 
Corp., 2717 N. Normandy Ave., Chi- 
ago, Ill. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre Div. of The 


Budd Co., Inc., Newark 13, Del. 
Eastman Kodak Co., Rochester 4, N. Y¥ 
Formica Co 4614 Spring Grove Ave 

Cincinnati 32, Ohio 


General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 

General Tire & Rubber Co., Industrial 
Products Div., Wabash, Ind. 

Glastic Corp., 4312 Glenridge, Cleveland 
17, Ohio 

Insulation Manfacturers Corp., 565 W 
Washington Blvd., Chicago 6, IIL 

Mica Insulator Co., Schenectady 1, N. Y¥ 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Polymer Corp., of Penna., 
Ave., Reading, Pa 

Industries, Inc 

Calif 


Resinite Corp., Div. of Precision Paper 
Tube Co., 2035B W. Charleston, Chi- 
ago 47, Ill 

Resistoflex Corp., Belleville 9, N. J 

Ryerson & Son, Inc., Joseph T., Chicago, 
Til. 


2120 Fairmont 


Santa Barbara, 


Spaulding Fibre Co., Inc., Tonawanda, 
ie 4 

Taylor Fibre Co 
U. S. Rubber Co., 
Chicago 39, Ill 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


Norristown, Pa 
2638 N. Pulaski Rd., 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 

American Silver Co.. Inc., 36-02 Prince, 
Flushing 54, N. Y 

Babee - Co., Inc., 118 Astor, Newark 5, 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
a Re 

Leach & Garner Co., 
Attleboro, Mass 

Ney Co., J. M., 371 Elm, Hartford 1, 
Conn 

Wilson Co., The H. A., 
U. 8. Route 22, 


Industrial Div., 


Dept. E, 2655 
Union, N 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill. 


PLUGS and RECEPTACLES 
Alden Products Co., 9125 N. Main, Brock- 
ton 64, Mass. 


American Phenolic Corp., 1830 S. 54th 
Ave., Chicago 50, Ill 
1033 W. 


Automatic Electric | Sales Co., 
Van Buren, Chicago 7, 
4633 W. Van Buren, 


Belden Mfg. Co., 
Chicago 44, Ill 

Cannon Electric Development Co., Dept. 
500, 3209 Humboldt, Los Angeles 31, 
Calif 

Constantin & Co., L. L., Route 46. Lodi, 

Cornish Wire Co., Ine., 50 Church, New 
Torx 7, N.Y 

Crouse-Hinds Co Syracuse 1, N. Y 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Johnson Co., E. F., 2009 Second Ave., 
S.W. Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Joy Manufacturing Co., 
Blidg., Pittsburgh 22, : 
Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, ll. 

Royal Electric Co., Inc., Pawtucket. R. I. 

Russell & Stoll Co.. Inc., 125 Barclay, 
New York 7, N. Y 

Switchcraft, Inc., 1828 N. Halsted, Chi- 
cago 22, ll 

U. S. Rubber Co., 
New York 20, N 


Henry W. Oliver 


Rockefeller Center, 
=; 


PLUGS. EXPANSION 


Wrought Washer Mfg. Co., 2200 8. Bay, 
Milwaukee 7, Wis. 


PNEUMATIC MOTORS. See Motors, Air. 


PORCELAIN. See Ceramics. 


POSTS, BINDING 


Bead Chain Mfg. Co., 18 Mountain Grove, 
Bridgeport 5, Conn. 


POTENTIOMETERS. See also Rheostats. 


Allen-Bradley Co., 1816 8. Second, Mil- 
waukee 4, Wis. 

Bourns Laboratories, 6185 Magnolia Ave., 
Riverside, Calif. 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Daven Co., 536 W, Mt. Pleasant Ave., 
Livingston, N. J. 

DeJur-Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N ° 

a & Co., Inc., G. M., Pasadena 1, 
ali 


Helipot Corp., Div. of Beckman Instry- 
ments, Inc., South Pasadena, Calif, 
Ohmite Manufacturing Co., 3613 Howard, 

Skokie, 


Stackpole Carbon Co., St. Marys, Pg, 


POTS and LADLES, MELTING 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 


Vulcan Electric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. Seo 
also Bearings and Bushings; Contacts. 

Amplex Div., of Chrysler Corp., Dept. 
b-12, Detroit 31, Mich 

Bound Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 

Gibson Electric Co., 8349 
Ave., Pittsburgh 21, Pa 
Mallory & Co., Inc., P. R., Indianapolis 

6, Ind. 
Radio Cores, Inc., 
Lawn. Ill 
Stackpole Carbon Co., St 
(Iron Cores) 
Superior Carbon Products, Ime. 9114 
George Ave., Cleveland 4, Ohio 
United States Graphite Co., 1621 Hoiland, 
Saginaw, Mich. 


Frankstown 


9540 Tulley Ave., Oak 


Marys, Pa. 


POWDERS, METAL 

Antara Chemicals, Sales Div. 
Analine & Film Corp., 435 
New York 14, N. Y 

Handy & Harman, 82 Fulton, New Yors 
38, N. Y. 


General 
Hudson, 


New Jersey Zinc Co., 
York 7, N. ¥ 
and Zinc) 


160 Front, New 
(Brass, Bronze, Copper 


POWER SUPPLY UNITS 


American Television & Radio Co., & 
Paul 1, Minn 

Condenser Products Co., Div., of New 
Haven Clock & Watch Co., 140 Hamil- 
ton, New Haven, Conn 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass. 

Dressen-Barnes Corp., 250-C, N. Vinedo 
Ave., Pasadena 8, Calif 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill 


Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

NJE Corp., 341 Carnegie Ave., Kenil- 
worth, N. J 


Servo Corp. of America, New Hyde Park 
i. “Me 


PRE-PLATED METALS. Aluminum, 
Brass, Copper, Steel, Zinc, Sheet and 
Strip. 

American Nickeloid Co., Peru 83, IIL 

Apollo Metal Works, 6678 S. Oak Park 
Ave., Chicago 38, Ill. 

Southern States Iron Roofing Co., P.O 
Box 1159, Savannah, Ga 


PRESSES, MOLDING. See Molding Ma- 
chines, Plastic 


PRINT MACHINES 


Bruning Co., Charles, 4700 Montrose Ave., 
Chieago 41, Ill 

Ozalid, A Div. of General Aniline & Film 
Corp., 330 Ozaway, Johnson City, N. Y¥ 


PUMPS 


Allis-Chalmers, Milwaukee 1, Wis. 

Pesco Products Div., Borg-Warner Corp., 
24700 N. Miles Rd., Bedford, Ohio 
Robbins & Myers, Inc., Pump Div., 

Springfield 99, Ohio 
Scintilla Div. Bendix Aviation 
Sidney, N. Y. (Diesel Fuel) 


Corp., 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allis-Chalre:s, Milwaukee 1, Wis. 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, IIl. 

Clark Controller Co., 1146 E. 152nd, 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y¥. 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Micro Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, DL 

National Acme Co., 176 E. 131st, Cleve- 
land 8, Ohio 

Pyle-National Co., 1888 N. Kostner Ave., 
Chicago 51, IIL. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y. 

Westinghouse Elegtric Corp. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


PYROMETERS 


Assembly Products, Inc., Chesterland 14, 
Ohio 

Bristol Co., Waterbury 20, Conn. 

Servo pre. of America, New Hyde Park, 
mM. 
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. LOW Cost 


“ee HIGH PERFORMANCE 
UNIMAX type WL ° 


e The features you need to 
cut costs in your new de- 
signs are all in this com- 
pact, snap-acting switch. we. 





icon errl 
ferried 





© Fast, easy wiring to quick-connect terminals. 

¢ Terminals integral with contacts. 

e Standard one-inch mounting centers. 

e U.L. listing for operation at 15 amp. 125/250 v. 
a-c; ¥2 HP 125 v. a-c; 1HP 250 v. a-c; ’2 amp. 
125 v. d-c; % amp. 250 v. d-c. 

Free detailed data sheet on request. 


UNIMAX SWITCH 


Division yy ww W yd VEL IT CT Le: 
460 WEST 34th ST. NEW YORK 1, N. Y. 


peer 


Photo courtesy 
Kirkhoff 
Mfg. Corp. 
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FIBRE WORKS, INC. 
Belding, Michigan 


SAVES TIME—SAVES MONEY! 


Got a control panel problem? Panel Chanel has 
cut wiring and maintenance costs as much as 
50%, according to actual time studies. 





Highly insulating and moisture resistant, this 
sturdy plastic wiring duct simplifies panel layout 
and makes wiring changes safe as well as quick ’n 





. 
engineered to meet your needs easy. Ihe new XT Type Panel Chanel has only 
Careful analysis and testing of your product together with two parts — cover and channel — for economical 
experienced RAE Engineers is your assurance of the best inventory and fast assembly. No loose parts to 
motor for the job. RAE offers outstanding service and foul controls. 
quality in a large variety of motors in voltages up to 250, 
and up to g H.P. (higher for intermittent duty) with many Attach coupon to your letterhead for complete information. 
gear head motor combinations. Let us put our years of 
motor building experience to work for you. NAME 
Send for the ‘‘RAE'’ service sheet. oe — 
it will help you supply the data ADDRESS 
DC Universal necessary for recommendations and 


prices. TITLE | 


Shunt wound * T.M. Reg. U.S. Pat. Off. 


AC/ 

dC 

DC Series wound 

DC Compound wound 


&e 
* 
e 
e 
BH Gear Reduction Motors 
& 
& 
& 


Panel Chanel is made only by 


STAHLIN BROTHERS FIBRE WORKS, INC. 
i) BELDING, MICHIGAN 


Rae MOTOR CORP. 


Motors for Rheostat Control 2009 Kewaunee St. ® Racine, Wis. 
Motors for Electronic Control 


Governor Controlled Motors 
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Pall uyfos,:. 


for high heat or 
other severe 
conditions 


for maximum economy 
in average conditions 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 
corrosion, no rust. Only one fastener needed 
Sizes to 14 inches. Write for free 

samples and price sheet. 


WECKESSER COMPANY 


5256 N. AVONDALE AVE., CHICAGO 30, ILL. 





Just a minute— 
Please don’t get us wrong. 


we like quantity business, too 


‘I'd have 
asked you to quote on this order if I'd only real- 
ized 


somehow, from your ads, I got the impression that 


Just the other day an engineer told us: 


you handled quantity production. Bur, 


you specialized in custom-built transformers in 


very smal] quantities only.”’ 


‘Whoa!”’ 


custom-built transformers, 


we shouted. “Sure we specialize in 


but we can make ‘em 
custom built or standard in whatever quantity 
And 


sacrificing precious quality control.”’ 


you need. we can do it quickly without 


Maybe the fact that we can handle large quan 
tities will help you. Why not write and ask for 


more information. 


CALEDONIA 


Dept. EM-12, Caledonia, N. Y. 









TAGliabue Instruments Div., Western 
Electrical Instrument Corp., = Fre- 
linghuysen Ave., Newark 5, N. J. 

Thermo Electric Co., 109 Fifth, Saddle 
River Township, Rochelle Park Post 
Office, N. J 

Wheelco Instrument Div., Barber-Colmap 


Co., 1403 Rock tockford, Ill 


REACTORS. See Transformers 


RECORDER COMPONENTS, MAGNET- 


IC. See Instruments 


RECORDERS, COMPUTER. See 
ments, Electronic 


Instru- 


RECORDERS, GRAPHIC. 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 


Sanborn Co., Industrial Div., 195 Masses 
chusetts Ave., Cambridge 39, Mass 


RECTIFIERS, SEMICONDUCTOR 


Acme Electric Corp. Cuba, N. Y 
Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, IIl. 

Bogue Electric Manufacturing Co., 60 Iowa 
Ave., Paterson 3, N. J. (Silicon) 

Bradley Laboratories, Inc., 168 Columbus 
Ave., New Haven 11, Conn. (Selenium 
& Copper Oride) 

Fansteel Metallurgical Corp., Rectifier 
Div., North Chicago, Ill. (Selenium) 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Selenium, 
Copper Oxide, Industrial Germanium) 

General Electric Co., Electronics Park, 
Syracuse, N. Y. (Germanium Diode) 

International Rectifier Corp., 1521 E. 
— Ave., El Segundo, Calif. (Selen- 
um 


Mallory & Co., Inc., P. R., Indianapolis 
. Ind. (Magnesium-Copper Sulphide) 
Radio Receptor Co., Inc., Semi-Conductor 
Div., 251 W. 19th, New York 14, N. Y. 
(Germanium Diode, Selenium) 
Sarkes Tarzian, Inc., Rectifler Div.. 


Dept. 
M-3 415 N. College Ave., 
Ind. 


Bloomington, 


Syntron Co., Homer City, Pa. 

Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 

Transitron Electronic Corp., 
Mass. (Silicon) 

Union Switch & Signal 
house Air Brake Co., 
Pa. (Selenium) 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


11A 8. 
(Selenium) 
Melrose 76, 


Div., Westine- 
Pittsburgh 18, 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 


Amperite Co.. Inc., 561 Broadway, New 
York 12, New York 

Electrons, me 127 Sussex Ave., Newark 

General FElectric Co., Apnaratus Sales 
Div., Schenectady 5, N. Y. 

Radio Corn. of America, Tube Div., Har- 
rison, N. J, 

Westinghouse Flectric Corp.. Gateway 
Center. Bldg. No. 3, 401 Liberty Ave. 


Pittsburgh 22, Pa 


REGULATORS. MOTOR SPEED. See 
Controllers, Motor. 

REGULATORS, TEMPERATURE. See 
Thermostats 

RFGULATORS , VOLTAGE. See also 
Transformers, Variable-Voltage 

Acme Electric Corp.. Cuba, N. Y 
Allis-Chalmers, Milwaukee 1, Wis 
Amnerite Co Ine., 561 Broadway. New 
York 12. N 

Bogue Electric Manufacturing Co.. 69 Towa 
Ave.. Paterson 3. N. J 

Rurlineten Instrument Co., 125 Third 


Burlington, 
Curtiss-Wright 


Towa 


Cornp., Caristadt. N J 


General Flectric Co Apparatus Sales 
Div.. Schenectady 5. N. Y 

R-B-M PDiv., Essex Wire Corp.. Logans- 
port. Ind. 

Sola Electric Co., 4633 W. 16th, Chicago 
50. Til. 

Sorensen & Co.. Inc., 375 Fairfield Ave., 
Stamford. Conn 


Vietoreen Instrument Co. 

Ave.. Cleveland 14. Ohio 
Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


8800 Perkins 


RELAYS and CONTACTORS 


A’G’A Div. of Elastic Stop Nut 
of America, 1027 Newark Ave., 
beth 3 J 


Corp. 
Eliza- 


Adams & Westlake Co., Elkhart, Ind 
(Mercury) 

Advance Electric and Relay Co., 2485-M 
Naomi, Burbank, Calif. 


Allen-Bradley Co., 
waukee 4, Wis 
Allied Control Co., Inc., 2 
New York 21, N. Y. 


1316 S. Second, Mil 
East End Ave 


Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal Bulb Type) 

Assembly Products Inc., Chesterland 14 
Ohio 

Automatic Electric Mfg. Co., 60 State, 
Mankato, Minn. 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill 

Automatic Switch Co., 393 Lakeside Ave. 
Orange, N. J 

Barber-Colman Co,, Dept. X, 1203 Rock 
Rockford, Ill 

Bristol Co., Waterbury 20, Conn 

Clare & Co., C. P., 3101 W. Pratt Blvd. 
Chicago 45, Ill 

Comar Electric Co., 3349 W. Addison. 


Chicago 18, Ill. 


Cramer Co., Inc., R. W., Box 8, Center- 
brook, Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Durakool. Inc., Elkhart, Ind. (Mercury) 

Edison, Inc., Thomas A., ae a Div., 
Dept. 53, West Orange, N 

Federal Telephone and Radio Co.. Div of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L. . a 

Five Star Co., Plants Place, Plantsville, 
Conn. 

G-V_ Controls Inc., 


8 Hollywood Plaza. 
East Orange, N. J 


General Electric Co Apparatus Sales 
Div Schenectady 5. N.Y. 

Guardian Electric, 1627-N, W. Walnut 
Chicago 12, Ill 

Haydon Co.. A. W., 234 N. Elm, Water- 
bury 20. Conn. 

Havdon Mfg. Co., Inc., 2529 Elm, Tor- 
rington, Conn. 

Heinemann Electric Co.. 99 Plum. Trentos 

N. (Time delay) 

Kaollocs Switchboard and Sunply Co.. 79 
W. Monroe, Chicago 3, Ill. (Magnetie 
Impulse) 

Leach Relay Div., Leach Corn.. 5915 Ava- 


lon Blvd., Los Angeles 3. Calif 
Magnecraft Electric Co.. 3352 W. Grand 


Ave., Chicago 51, Ill 

Mercoid Corv., 4201 Belmont Ave., Chi- 
cago 41, Ill 

Ohmite Manufacturing Co., 3613 W 
Howard, Skokie. TI. 

Phillips Control Corp A Sub. of Ther 
Corp., 59 W. Washington, Joliet. ™M 

Potter & Brumfield Mfg. Co.. Inc., Sub 


of American Machine & Foundry Co 


R-B-M Div., Essex Wire Corp., Logans- 
port, Ind. 

Signal Engineering & Mfg. Co. 272 
Branchport Ave.. Tone Branch. N. J 

Square D Co.. 4041 N. Richards. Milwau 
kee 12. Wis. 

Sterling Engineering Co.. Ine.. Div. of 
American Machine & Foundry Co.. 54 
Mill, Laconia. N. H 


Union Switch & Signal Div.. Weetinehouse 
Air Brake Co.. Pittsbureh 18 Pa 
Ward Leonard Electric Co., 600 South 

Mount Vernon. N. Y. 

Westinghouse Electric Corr Gateway 
Center. Bldg. No. 8, 491 Tiberty Ave 
Pittsburgh 22. Pa 

Weston Electrical Instrument Corn.. 614 
Frelinghuysen Ave.. Newark 5. N. J 

Zenith Flectrie Co., 152 W. Walton Mht- 
cago 10. Ti 


REMOTE CONTROLS. See Push Rurtton 
Stations: Relavs and Contactors: 
Switches: Controls, Pressure & Tempera 
ture 


RESINS, INSULATING. 
Compounds and Resins 


See Varnishes 


RESISTANCE ALLOYS 
Driver Co., Wilbur 2, 
Ave., Newark 4, N 
Driver- Harris 


150 Riverside 
Co., atlens. N. J 


RESISTANCE HEATING UNITS. See 
Heating Elements and VWnits. 


RESISTANCE LINE CORDS 


General Electric Co., Construction 
rials Div., Bridgeport 2, Conn 


Mate- 


RESISTANCE WIRE. See Wire, Resist: 


ance. 


INSTRUMENT and RADIO 


New Bedford, Mass 
1316 S. Second, Mil- 


RESISTORS, 


Averovox Corp., 
Allen-Bradley Co., 
waukee 4, Wis. 


Amperite Go.. Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) ; 
Carborundum Co., Globar Div., Niagars 


Falls, N. Y 
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a century of 
experience behind 


the _ 
symbol Ria: 
SUPERSTRONG stands for timber reserves... saw mills 
venecr mills. wirebound, wooden and corrugated box 
plants. sales offices in many cities. This ownership and 
control ol all materials and facilities — plus the tested 


‘ Aperic nee and reliability of ONE HUNDRED Y EARS 
assure you of an ample supply of ac curately de signed 
and correctly manufactured shipping containers at all 


times. Be sure. specify SUPERSTRONG. 


RATHBORNE, HAIR AND RIDGWAY BOX CO. 
1440 WEST list PLACE + CHICAGO 8, ILLINOIS 


TTT aa 


W)))) 


these parts are made of a material that 
offers unlimited design possibilities 


If you are looking for a basic material that offers a combination of 
properties for both electrical and mechanical applications, you 
should get to know Star COMMERCIAL WHITE PORCELAIN. The 


rT Ta 


Dormeyer offers you the widest variety of solenoids available possibilities of this amazing material are endless in applications 
to industry. Engineered to your specifications from finest requiring great mechanical and high dielectric strength. What's 
quality materials, they outlast equipment life. more, it’s the most economical electrical porcelain available in a 


te Se . . wide selection of attractive colors . . . including the whitest white. 
Records show Dormeyer Solenoids in operation for over 17 mil- Whether your problem involves a wiring device application or one 


lion cycles are still operating as smoothly as the day they were of a mechanical nature. Star COMMERCIAL WHITE PORCELAIN 
installed! You can get this same rugged performance for will provide the answer. Complete data is contained in this 26-page, 
your application. Prompt delivery on any quantity. fact-filled catalog. Write for a copy today. 

Star Porcelain Company, 

41 Muirhead Avenue, Trenton 9, New Jersey 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA (>) shes | \ 
3424 MILWAUKEE AVENUE e CHICAGO 41, ILLINOIS - porcelain company 


Send specifications for prompt estimate —no obligation. 
Request catalog. 


DORMEYER INDUSTRIES 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 35] 




































































ANTENNA 
MOTORS 


(used successfully 
in television 
antenna rotator 
service) 


LOW VOLTAGE 
CAPACITOR 
TYPE 


condense: 


vices, etc 
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Heinze Electric Co 
685 Lawrence Street, LOWELL, MASS 


WELDED SHEET 
STEEL CONSTRUCTION 










PUSH BUTTON 
ENCLOSURES 


Immediately available in ten stand- 
ard sizes to accommodate from one 
to twenty-five push buttons. 


@ Patented push button openings will fit 
all standard makes of oil-tight units. 


@ Conduit connections may be made ot 
any location you specify. 


@ Absolutely oil tight, water tight, dust 
proof. No knockouts or holes in this 
heavy 14 gauge sheet steel box. All 
seams welded. Mounting feet are ex- 
ternally attached. 


@ Neoprene sponge gasket provides posi- 
tive cover seal. 


@ Unique sliding hinge will hold cover in 
open position if desired. Cover screws 
are captivated. They thread into closed- 

end steel ‘Rivnuts’’ located 

in box flange. Cannot leak. 





Centralat Di of Ghobe-Union, Ince 





SUB -FRACTIONAL HORSEPOWER 


MOTORS 








24 VOLT, 60 CYCLE, AC operation 
Reversible with oa switch. 


Free load, 3300 


Highly useful in the laboratory and for 


“. odvertising displays, experimental 


Skeleton frame 
2 with ventilated case. 


can be provided 


“ Mountings available. 


cence seeeee ee anes se Fees se sere esseeeess reese sees s Se eees Seeeeasssss ssesesesesssssees **°*** 
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First of its 
kind on the market! 


Pendant type, flush cover 
type and other special en- 
closures also fabricated. 


Painted attractive gray ham- 
mertone enamel. 


REASONABLY PRICED! 


ENGINEERING 
CORPORATION 


ANOKA, MINNESOTA 



































vO2K EK. Keefe Ave. Milwaukee 1 


Wis. 
Clarostat Mfg. «« Inc Dover, N. H 
Corning Glass Works, Corning, N. Y¥ 
Cutler-Hammer, Inc., 1264 St. Paul Ave 


Milwaukee 1, Wis 


Dale Products Inc., 1306 28th Ave.. Colun 


bus. Nebraska 


Daven Co., 536 W M Pleasant Ave 


Livingston, N. J 


Erie Kesistor Corp., Electronics Div Erie, 
> 


Pa 


Uaruwick, Hindle, Inc., 40 Hermon, New 


ark 5, N. J 


Mallory & «* I P. KR. Indianapolle 


» nD 
— Mfg. Co 3613 Howard, Skokie 
l 


Radio Corp. of America, Tube Div., Har 
rison, N. J 
Resistance Products Co 112 8S. 13tt 


Harrisburg, Pa 


Sprague Electric Co., 307 Marshall, North 


Adams, Mass 


Square D Co., 4041 N. Richards, Milwau 


kee 12, Wis 


Stackpole Carbon Co., St. Marys, Pa 
Tru-Ohm Products, Div. of Model Engi 


neering & Mfg., Inc., 2800 N. Milwavu 
kee Ave., Chicago 18, IIL. 


Victoreen Instrument Co., 3800 Perkin- 


Ave.. Cleveland 14, Ohio 


Ward Leonard Electric Co., 600 South 
Y 


Mount Vernon, N. 


Weston Electrical Instrument Corp., 614 


Frelinghuysen Ave Newark 5, N. J 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1316 S. Second, Mii 


waukee 4, Wis 


Carborundum Co., Globar Div., Niagara 


Falls, N. Y 


“utler-Hammer, Inc., 1264 St. Paul Ave 


Milwaukee 1, Wis 
dale Products Inc., 1306 28th Av 


Columbus, Nebraska 

Daven Co 536 W. Mt. Pleasant Ave 
Livingston, N. J 

Erie Resistor Cory Flectronics iv 
Erie, Pa 


reneral = FElectri ‘ Apparatus Sales 
Div., Schenectady 5, N r 

Hardwick. Hindle, I 40 Hermon, New 
ark 5 N J 

Mallory & Ine I RK Indianapolis 
6, Ind 

Ohmite Mfg. C 61 Howar Skokti« 
Til 

Sprague Electric ¢ 307 Marsha Nori} 
Adams, Mass 

Tru-Ohm Products, Dis f Model Engi 
neering & Mfg. Co., I 2200 N. Mi 
waukee Ave Chicago 18. TI 

Vard Leonard Electric Ce 69N Sout? 


Mount Vernon N 


RESOLVERS) xv Servomechanismes 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 S. Second, Mil 


waukee 4, Wis 


Amperite Co., Inc 561 Broadway. New 


York 12, N. Y. (Bulb Type) 


Clarostat Mfg. Co., Inc., Dover, N. H 
Cutler-Hammer, Inc., 1264 St. Paul Ave 


Milwaukee 1, Wis 


DeJur-Amsco Corp., 45-01 Northern Blvd 


Long Island City 1, N 
Hardwick, Hindle, In 40 Hermon, New 
ark 5, N. J 


Mallory & Co., It P. R., Indianapolis 


6, Ind 


Ohmite Mfg. Co 3618 Howard, Skokix 
Ill ; 


Rex Rheostat Ce Baldwin, N. 
Sticht Co., Inc., Herman H., 27 Park P| 
oY 


New York 7 


Tru-Ohm Products, Div. of Model Engi 


neering & Mfg., Inc 2800 N. Milwau 
kee Ave Chicago 18, Il 





Ward Leonard Electric (x 600 Sout! 


Mount Vernor N. ¥ 


RHEOSTATS. POWER CIRCUIT 

Allen-Bradley Co 1316 S. Second, Mil 
waukee 4. Wis 

Clarostat Mfg. Co., Ine Dover, N. H 

Cutler-Hammer, ‘nc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

DeJur-Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N. Y¥ 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y. 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J 

National Electric Controller Co 7070 
Glenwood Ave., Chicago 26, Tll 

Ohmite Mfg. Co,, 8613 Howard, Skokie 
Ill 


Rex Rheostat Co., Baldwin, N. Y 

Tru-Ohm Products Div. of Model Engi 
nering & Mfg. Inc., 2800 N. Milwau 
kee Ave., Chicago 18, Til 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N ; 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3. 401 Liberty Ave 
Pittsburgh 22. Pa 


RINGS, COLLECTOR 

General Findings and Supply Co., In 
justrial Div., Attleboro, Mass. (Precious 
Metal) 

General Plate Div Metals & Controls 
Corp., 412_ Forest, Attleboro, Mass 
(Precious Metal) 

Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 3, N. Y. 
Makepeace Co., D. E., Div. of Union Plate 
and Wire Co Attleboro, Mass 

Ney Cc I,m 371 Elm, Hartford 1 
Conn 











Nippert Electric Products Co., 1768 W 
Mound, Columbus 28, Ohio 

l” M Industries, Inc., 272 Fairfield Ave 
Stamford, Conn. 

rriplie ‘‘M’’ Electronents Div Midwest 
Molding & Mfg. Co., Gurnee, IL 

Wilson Co., The H. A., Dept. E., 2655 
U. S. Route 22, Union, N. J 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn 

Garrett Co., Inc., George K., Philadelphis 
34, Pa. 

National Lock Washer Co., 40 Hermon 
Newark 5, N. J. 


Radio Frequency Laboratories, Inc., Boon 
ton ¥, N. 
U. 8S. Gasket Co., Camden 1, N. J 


Waldes Kohinoor, Inc., 47-16 Austel Pi 
Long Island City 1, N.Y 


RIVETS. See Fasteners 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co, 96uy W 
Jackson Blyd Bellwood, IL. 

Milford Rivet & Machine Co., Milford 
Conn 


ROLLER BEARINGS. Sce Bearings. Ball 
& Koller 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 


Chicago 23, Lil. (Silicone) 

Asbestos Textile Div., Kaybestos-Manhat 
tan, In Manheim, Pa 

Auburn Manufacturing Co 306 Stack 
Middletow: Conn 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave Chicago 22, Ill. (Silicone) 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

Enjay Co Inc 15 West 5lst, New 
York 19, N. ¥ 

Garlock Packing Co., Palmyra, N. Y¥ 

General Electric Co., Chemical Div., 13 
Plastics Ave., Pittsfield, Mass. 

General Tire & Rubber Co., Industria! 
Products Div., Wabash, Ind. 

Goshen Rubber Co., Inc., P. O. Box 517 
Goshen, Ind 

Johns-Manville Corp., Dutch Brand Div 
7800 Woodlawn Ave Chicago 19, Ml 

Lord Manufacturing Co Erie, Pa. 

Minnesota Rubber & Gasket Co., 3630 
Wooddale Ave Minneaj s 16, Minn 

Phoenix Manufacturir Cc Rubber Prod 
ucts Div Joliet, Tl 

Roth Rubber Co 1856 S 54th, Chicage 
50 

Seamless Rubber (« New Haven 3, Cou: 

Stalwart Rubber Co., 197 Northfield Rua 
Bedford Ohio Silicone 

y s Rubber Co Rockefeller Center 
New York 20. N. Y¥ 


SAWS, COMMUTATOR See Commutator 


Saws & Slotters 


SCRAPER RINGS See Kings Retainer 
& Snap 


SCREW DRIVERS PORTABLE See 
Tools, Portable 


SCREW-DRIVING MACHINES 


Detroit Power Screwdriver Co., 2817 W 
Fort, Detroit 16, Mich. 
Ingersoll-Rand Co Phillipsburg. N. J 





SCREW MACHINE PRODUCTS. See alse 
Fibre; Plastics 

Aluminum Co. of America, 2090-B Alcoa 
Bldg., Pittsburgh 19, Pa 

Chase Brass & Copper Co., Waterbury 20, 
Conn. 

General Findings and Supply Co In 
dustrial Div., Attleboro, Mass. (Precious 
Metal and Preeision Parts 

Milford Rivet & Machine Co., Milford 
Conn. 

National Acme (Cc 174 EK 13l1st. Cleve 
land 8, Ohio 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cements 
Insulating & Sealing: Wares & Com 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products Inc Div 
General Ceramics Corp 118 Liberty 
Stamford. Conn 

American Lava Corp Chattanooga 5 
Tenn. 


Constantin & Co., L. L., Route 46, Lodi 
ma 


Electrical Industries Div of Aimperez 
Electronic Corp., 44 Summer Ave 
Newark 4, N. J 

Fusite Corp., 6028 Fernview Ave Cin 
cinnati 13, Ohio 


General Ceramics Corp Keasbey, N. J 
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[esses SSE 


se Polyvinyl-insulated conductors now 
"% have extruded nylon insulation over- 
Ni all in place of cotton weatherproof 
Ky Result: a new wire—type PN.” 


) Advantages: (1) Smaller diometer 
4. more wires can fit into conduits), 
+4 2) smoother surface (less wear from 
se! abrasion—easier to pull through con- 
We duits), (3) better resistance to flame, 
A moisture, and oil products, 4) no 
fibers (strips easier, cleaner), ‘5 lower 
ae! price—and, because nylon is more 
ve durable, lower replacement cost. PN 
4% wire is made in IC, CC, and CA in 14 
+ 16, ond 20 gage. 


oe! But we still make cotton-insulated 
9, wire \type PC) for those who want it. 
4 interested? 

ote! Write for Bulletin 31-100-N. 


* Thermo Electric 6.nc* 


¥ 
+4 
x SADDLE RIVER TOWNSHIP, Rochelle Park P.O., NEW JERSEY ',* 


it CANADA + THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONT. 


666650008 LL LLL COCO $4 
L% eee a PP Pal Pa aaa” a a a aaa aaa ese" 2 a wan ‘ 


LOWER THE 
Tn ee BY 


SET RIVETS 
70 


2 at a time with the 


“21 7. , 

With every press on 
foot pedal Model 214 
Chicago Double Rivet Setter 

automaucally feeds, inserts and 
clinches fwe rivets. 14-inch throat 
accommodates large assemblies 
Handles ¥%4" diameter or smaller 
steel tubular rivets—lengths to 
¥%". Quick Change Rotary Type 
Hoppers and Raceways permit a 
5-minute changeover to rivets of 
different size. Adjustable anvils 
and riveting centers add to versa- 
tility. For help with fastening 
problem...send sample assembly 
or a blue print) for free fasten- 
ing analysis 


FREE CATALOG contains valuable en- 


gineering information and rivet specifica- 
tions plus illustrated descriptions of 26 
Chicago Automatic Rivet Setters. 


Kwet & MACHINE CO. 


9609 West Jackson Boulevard, Bellwood (Susck) Illinois 
Branch Factory: Tyrone, Pa. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 










of 


... On niitiodaed Assemblies ! 


& 


You build a tine ippli- cheap Vor tind Tit 
anee, you promote it as top market lor thre product then 
quality, the latest in modern the powe supply plug 


ippliance conveniences and throws ul road blo k 


ust when success seems as This does not need to hap 


pen because PHALO CUS 
down! POM PLUGS are 


Or perhaps you design a to 


sured, the plug lets you 


designed 
give Vou product the 


better production unit. vou power it needs when it needs 


prove it does the job taster it for as ton is it needs it! 


PHALO 


PLASTICS CORPORATION 


G7 © ¢ ‘ 
Tie Gthoen Good Sel Howse eee 
Commercial G Foster Streets 
WORCESTER MASS 


insuloted Wires Coble: - Cord Set Assemblies 


353 





Users of Epoxies 
and Polyesters 


for embedded circuits and parts 


CAN NOW 


e Replace or Repair Defective Parts 


¢ Salvage Valuable Parts 


in embedded circuits by fully or partiy removing 


the encapsulating resin with the 


NEW STRIPPER-SOLVENT ““MONASTRIP” E P 


SAVE costly LABOR and PARTS. No special equip- 
ment needed. MONASTRIP E.P. is nonflammable 
and can be re-used. Write for details to Chem. Divi- 


sion Section E.M. 


MONA INDUSTRIES, INC. 


PATERSON 4, NEW JERSEY 


sta es 


With 5 plants and 20 offices, Milford 
is “next-door neighbor” to everyone 
who uses tubular rivets. That means 
fast deliveries, prompt 
service and top quality! 


ILFORD 


RIVET & MACHINE CO. 
Plants: Milford, Conn.; Norwalk, Calif.; Elyria, Ohio; 







THE 


t 






Aurora, Ill.; Hatboro, Pa. 


Offices: Atlanta, Chicago, Cleveland, Detroit, Fort 
Worth, Indianapolis, Newark, New York, Pittsburgh, 
Racine, St. Louis, St. Paul, San Francisco, Seattle; 
Norwalk, Calif.; Stratford, Conn.; Charlotte, N. C.; 
Seneca Falls, N.Y.; Jenkintown, Pa.; Westwood, Mass. 


Headquarters for RIVETS 


cold-farmed 


and Rivet-setting Machines 











Genera k r ‘ Appara = 


Ings 


2 pal J ait 
Div., Schenecta >, N. Y¥. (Glass Bush- 


Hermaseal ¢ Ir 1019 Main, Elkhart 


Ind 
Hermetic Seal Products © > a 
Newark 7, N. J 


Kearfotr (© Ir 1237S Main Ave cl 


ton, N ] 


SEALS, MECHANICAL Rotary Shaft) 


Crane Packir Cc 182 Cuyler Ave 
Cnicas I))} 
Garlock TPackir c Palmvra N.Y 


SEALS, OIL and GREASE 


Chicago Rawhide Mf ‘ 

Ave Chicago 22, I 

Garlock Packing ¢ Palmyra. N. Y 
Gits Bros. Mfg. ¢ 184 S. Hilt 
Ave.. Chicage 3, Til 

Syntron ¢ Homer City, Pa 

U. S Gasket Cc Camd 


SELENIUM RECTIFIERS ~ rs 
Sen nductor 

SEMICONDUCTOR PRODUCTS see 
Kectifiers Sen r Tran. <tore 
and Crystal Diovde 

SERVOMECHANISMS Controls Syn 
chros, ete.) Also see Motors 

Kristol Co., Waterbury 20, Conn 

Clifton Precision Products Co., Ir cht 
ton Heights, Pa 

Diehl Manufacturing ¢ Ele I» 
f The Singer Manufacturing ¢ Sor 
ville N. J 

Doeleam, Div. of Minneapolis-Honeywe 
Soldiers Field Rd., FI } 

Ford Instrument Co 
Ave., Lar [sland City 

G-M Laboratori I 
Ave., Chica } I 

vearfott Cr l 1378S Main Ave Cclif- 
ton, N. 3 

Oster Manuta ‘ Johr Ka 
Wis. 

Servo Corr ‘ - , \ H i, Park 
XN. 2 


SHAFTS. FLEXIBLE 
1 ~ ce t ‘ ‘ N 


SHEAVES = ’ B 


SHEET METAL FABRICATORS 





Alden Products Co., 9125 N. Mai Br 


ton 64, Mass 
Cox Cp, 3. F., 
Grand Rapids 2 
Geuder, Paeschke 
St Paul Ave 
Hoffman Engineerin 
Anoka, Minn 
Hludson Tool & i 
14th Newark 7, N. J 
t 






Industrial Equipment (¢ 2 Ir 
Minster, Ohio 

Kirk & Blum Manufacturing C 
Forrer, Cincinnati 9, Ohio 

SHEETS. ELECTRICAL. & = 
trical 

SIGNAL DEVICES 

Crouse-Hinds Co., S)ra N 

Pyle-National Co., 1388 N. Kostner 
Chicago 51, Il 

Signal neering « Mf ( 


Brar hport Ave 





SIGNAL LIGHT ASSEMBLIES 
Lights, Pilot and Indicator 
SILICON DIODES = 

Crystal Di 

SILICONES 

Auburn Manufacturing ¢ U6 Sta 
Middletown, Conn 

Continental-Diamond Fibre C New 
13, Del. 

Dow Corning Corp., Midland, Mict 
Formica Co. 4614 Spring Grove 
Cincinnati 32, O} 
Garlock Packing ¢ Palmyra. XN. Y 
General Electric ( Chemical Div 
Plastics Ave.. Pittstield. Mass 
Insulation Manufacturers Cort 565 
Washington vi.. Chicago ¢ ll 
National Vulcanized Fibre ¢ Wiln 
ton 99, De 

Natvar Corp., 207 Randolph Ave W our 
bridge, N. J. 

Taylor Fibre Co., Norristown, Pa 


SILVER and SILVER ALLOYS. Se 
Contacts & Contact Points. For Solder 


see Brazing Alloys, Silver 

American Silver ¢ Ir 16-02 Prince 
Flushing 54. N. ¥ 

Brainin Co.. C. 38 ~ Washingtor 


Vernon. N.Y 





ais 


M 


Mela gical Core North Ct 
is Ill 
eral Plate Dis Metals and Contr 
ry ilz Forest, Attleboro, Mase. 
raphite Metallizing Corp., 1059 Nepper 
Ave Yonker N =. 
andy & Harman, Sz Fulton, New York 
N. ¥ 


ach & Garner Industrial Div 
Attlebor 
lukepeace Co., D. I Div. of Union Plate 
nd Wire Co., Attlebors Maes. 


M YW 2 © Ir P. BR Indianapolis 
Ind 
Ne Ce ae | 71 Elu Hartford 
‘ I H. A., Der } ‘ 
= } “oS 


SLEEVE BEARINGS. & 


SLEEVING. SATURATED. See tut 7 
= evirees rat le i Fabric 


SLEEVING and TAPE, ASBESTOS 


Garlock Packing C« Palmyra, N. Y¥ 
nsulation Manufacturers Corp., 565 W 
Washir n Blvd Chicago 6, Ill 
Mar Box ) New York Lo 
MN. es 
taybestos-Manhattan, Ir Asbest Tex 
I Manheim, Pa 


SLIDE ASSEMBLIES 


Fr t Laboratories. | B 
N 


SLIDE RULES, CALCULATING 


& 7 r i%. Hoboken N 
SLIP RINGS Sew Kings. ¢ ector 


SLOT INSULATION. See Fabric, Insulat 
t Mica, Paper, Insulating; Tubing @ 


= Braid Fabri 


SLOTTERS, MICA. = ‘ ator Sawe 


SOCKETS and ADAPTERS, RAOIO. See 


\ 


SOCKETS and RECEPTACLES, LAMP 


Automatic El ic Sales Corp., 1033 W 
Van Buren, Chicago 7, OL 

Dialight Cory 4 srewart Ave., Brook 
yn 37 Y 

Drake Manufacturing ¢ 1711 W. Hut 
ard, Chicago 22. Ll 

General Electric ¢ Construction Mate 
rials Di Bridgeport 2, Conn 
¥ Manufacturing C¢ Henry W. Oliver 
B Pittsburg 22 Pa 

S. Gask Camden 1, N. J 


SOCKETS. FLUORESCENT. See Fluores 
Auxiliaries 


SOCKETS, VACUUM TUBE 


\ rican 1 ! Corp 1830 S. Sach 
Ay Chicag , Tl 
Mycalex Cory tf America 116 Cliftor 
Blvd Cliftor N J 
=. Gask ‘ Camden 1 N. @ 
SOCKET SCREW KEYS and 
WRENCHES 
ir Co., Waterbury 20, Conn 
standard Pres Steel Co., Jenkintown 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquid, Salts, etc.) 
ise Brass & Copper Co., Waterbury 2( 
conn 
ssex Wire Corp Magnet Wire Div 
Fort Wayne € Ind 
General Electric Co., Chemical Div., 1 


Plastics Ave Pittsfield, Mass. 

Handy & Harman, 82 Fulton, New York 
S, 2. = 

Aester Solder Cc 1200 Wrightwood Are 
Chicago 39, Ill 

National Lead Co Broadway New 


y 8 N Y 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 


General Electri Co Apparatus Sales 
Div Schenectady 5, N. Y. 

Ideal Industries. Inc., 1008 Park Ave 
Sycamore, Ill 

\ in Electric ¢'o Danvers 2, Mass 


SOLDERLESS CONNECTORS. See « 
ectors Wire & Cable 
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TOL A 


SLU 11 SIZES 


We 
All these ... and more. . . for vOUR 
YOUR BEST CONNECTIONS ra 


U/L AND CSA TESTED HI-RUGGED STRENGTH 


Rett ags PURE COPPER RE-USABLE , Waal rau 


100% CONDUCTIVITY ALL WIRE SIZES 
{ COOLER OPERATION ECONOMICAL 
aed 


ae) Te) Car] 


WRITE FOR 


oa 80-PAGE CATALOG 
ILSCO CORPORATION 


5745 Mariemont Ave. 
CINCINNATI 27, OHIO 


CAN NEUTRAL FUSE CLIPS 


“ 


iD Lae aera o) 60 100 & 200 AMPS AAP dt Lhd 3) 














WHEN IN NEED OF MATERIALS, PARTS 
OR EQUIPMENT. .. MAKE USE OF THE 


| 42,293 ADVERTISEMENTS 


PLACED BY 


11,322 ADVERTISERS in 












ul 
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SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH, 
QUANTITY, OR TO YOUR SPECIFICATIONS. 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 


Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, ILLINOIS 
AEE NN NRRNRNNNRNRENRT eS AE NS SRO SE 


n 
9 
Q 


"SM 3u5S 
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Thomas Publishing Company 
461 Eighth Avenue, New York 1 








KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COV ER 355 

























































OR 


tor APPLIANCES 
Tae 


MOST SENSITIVE 
PATENTED CONDUCTION 
q | TYPE THERMOSTATS 


. Also BIMETAL 


TYPES 


Used by 
leading 
electrical 
| manufacturers 
¢ he : for many 
years 


GUARANTEED 


for 


18 MONTHS 


For Descriptive Literature, write: 


aS er ey Ls 


10 ALBANY AVENUE 
BARTLETT, NEW HAMPSHIRE 


A-7 














lower costs... 


improve design... 
» — gave time... 
with 


‘ PINIONS 


Cast in one piece, at one time— 
and one low unit, cost! Made 
precisely specifications, permit- 

ting wide flexibility of design. 
One-piece assemblies cast with shafts, 
center holes, and combinations with 
cams, hubs, spacers and _ flanges. 
Maximum size: 1-5/16" outside di- 
ameter x 1/16" face width; wider 

faces for smaller diameters. 

SOME STOCK DIES AVAILABLE 

FOR LESS PRECISE NEEDS; 
NO TOOL CHARGE. 
Write Today for Full Information And Samples 
Send specifications for prompt quotation 100,000 to millions. 
World’s Foremost Producer of Small Die Castings 


GRIES REPRODUCER CORP. 


149 Beechwood Av., 


to 


COMBINATIONS 
die cast in 


ONE 


yaa 





New Rochelle, N.Y. Ph.: New Rochelle 3-8600 
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SOLDER PRE-FORMS. Also see Brazing 


Alloys, Silver. 

Alpha Metals, Inc., 64 Water, Jersey 
City 4, N. 

General Findings and Supply Ce., In- 


dustrial Div., Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 


38, N. Y. 
Kester Solder Co., 4209 Wrightwood Ave., 


Chicago 39, IL 


SOLDER, SELF-FLUXING 
For Silver Solders, See Brazing Alloys. 


Alpha Metals, Inc., 64 Water, Jersey 
City 4, N. J. 

Kester Solder Co., 4209 Wrightweod Ave., 
Chicago 39, nl. 

National Lead Co., 111 Broadway, New 
York 6, N. Y 

SOLENOIDS 

Allen-Bradley Co., 1316 S. Second, Mil- 


waukee 4, Wis. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, IL 

Automatic Switch Co., 393 Lakeside Ave., 
Orange, N. J. 

Cannon Electric Development Co., 

3209 Humboldt, Los aa 1 


“o., 3349 W. Addison, 

1264 St. Paul Ave., 
2435 Hilton Rd., De- 
3424 Milwaukee Ave., 


Comar Electric 
Chicago 18, 
Cutler- Hammer, 
Milwaukee 1. 
Detroit Coil Co., 
troit 20, Mich 
Dormever Industries, 
Chicago 41, Tl 
Five Star Co., Plants Place, 
Conn 
General 


Plantsville, 


Electric Co 
Dir Schenectady 5. } 

Guardian Electric, 1627-N W 
Chicago 12. Tl. 

Leach Relay Div., Leach Corp., 
lon Blvd., Los Angeles 3, Calif 

Leland. Inc., G .. 123 Webster, 


2. Ohio 
131st, 


National Acme Co., 

land 8, Ohio 

Phillips Control Corp., Sub. of Thor 
Washington. Joliet, Ml. 

Essex Wire Corp., Logans- 


Apparatus Sales 
5. £ 


Walnut, 


5915 Ava- 


Dayton 


176 E Cleve- 


Corp., 59 W 
R-B-M Div., 
port, Ind. 
Soreng Products Corp., 
Schiller Park, Tl. 
Trombetta Solenoid 


9551 Soreng Ave., 
Corp.. 329 N. Mil- 


waukee. Milwaukee 2. Wis. 

West Coast Electrical Mfg. Corp., 233 W. 
116th Pl., Los Angeles, Calif. 

Westinghouse Electric Corp., Gateway 
Center. Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES. 

For Motorized Units, See Motors 
Allis-Chalmers, Milwaukee 1, Wis. 
Bowmar Instrument Corp., 2415 Penn- 

sylvania Ave., Ft. Wayne, Ind. 
Century Electric Co., 1806 Pine, St. Louis 

3. Mo 
Cone-Drive Gears Div., Michigan Tool 

Co., 7171 E. MecNichols Rd., Detroit 12, 

Mich. 

Eaton Mfg. Co., Dynamatic Div., Ken- 
osha. Wis 
Ferguson Machine & Tool Co., Inc., Roller 

Gear Div., P.O. Box 191, St. Louis 21, 

Mo. A 
General Electric Co.. Apparatus Sales 

Div., Schenectady 5, N. Y. 

Reeves Pulley Co., Columbus, Ind 
SPRINGS, COIL and FLAT 
American Steel & Wire Div.. U. 8. Steel 


Corp., Rockefeller Bldg., Cleveland 13, 
Ohto 
Assoriated Sprine Corp., Bristol, Conn 
Barnes Co.. Wallace Div Associated 
Spring Corp.. Bristol, Conn 
Barnes-Gibson-Raymond. Div. Associated 
Spring Corn 40300 Plymouth Rd., 
Pivmouth, Mich 
Dudek & Bock Spring Mfg. Co., 4016 W. 


Grand Ave., Chicago 12, Ml 
Dunhar Bros. Co.. Div. A’ssociated Spring 
Corp.. Bristol, Conn 


Garrett Co., Inc., George K., Philadelphia 


Gibson 


Co., William D Div. Assoelated 
Spring Corp., 1800 Caybourn Ave.. Chi- 
eago 14. Til 

Gibson Electric Co., 8349 Frankstown Ave 


Pittsburgh 21, Pa 


Instrument Specialties Co Inc., 244 
Bergen Blvd... Little Falls, N. J. 
(Rervilium. Copper) 


Lewis Spring & Mfg. Co., 2646 W. North 
Ave.. Chieago 47, Tl. 

Ohio Div... Aseorlated 
E. Ist. Dayton, Ohio 

Raymond Mfg. Co., Div. 
Corp., Corry, Pa. 


Spring Corp.. 1712 


Associated Spring 


STAINLESS STEEL. See Steel, Commer- 
cial Forms & Grades. 

STAMPINGS, METAL 

Alden Products Co., 9125 N. Main, Brock- 


ton 64, Mass. 

Aluminum Goods Manufacturing Co., 
itowoc, Wis 

Auburn Manufacturing Co., 
Middletown, Conn. 


Man- 
306 Stack, 


Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond, Div. Associateg 
Spring Corp., 40300 Plymeuth Rd, 


Plymouth, Mich. 

Chase Brass & Copper Co., Waterbury %, 
Conn 

Dudek & Bock Spring Mfg. Co., 4016 W. 
Grand Ave., Chicago 12, Ill 


Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn, 
Div., 


Erie Resistor Corp., 
Erie, P. 

Federal 3608 Alabams 
Ave., 

Freeway Washer & Stamping Co., P.O 
Box 1756, Cleveland 5, Ohio 

© Co., Inc., George K., Philadelphis 

> 
General Findings and Supply Co., In- 
Div., Attleboro, Mass. 

Geuder, Paeschke & Frey Co., 1525 W. 
St. Paul Ave., Milwaukee 1, Wis 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 

Heyman Mfg. Co., 

Hudson Tool & Die Co., Inc., 118-123 § 
14th. Newark 7. N. J 

Joliet Wroucht Ww asher Co., Joliet, Il. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 


dustrial 
eago 4, Ill 
Kenilworth 1, N. J. 
Lewis Spring & Mfg. Co., 2646 W. North 


Electronics 


a. 
Tool & Mfg. Co., 
Minneapolis, Minn. 


Ave., Chicago 47, Tl 

Malco Tool and Manufacturing Co., 4021 
W. Lake. Chicago 24, Til. 

Mohawk Mfg. Co Middletown. Conn 
(Threaded) 

Ohio Div., Associated Spring Corp., 1713 
East First, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17. N. Y. 

Shakeproof, Div. Illinois Tool Works, 
2501 Keeler Ave., Chicago 39, Ill 

Sylvania Electric Products Inc., 174 
Broadway, New York 19. N. ¥ 

United-Carr Fastener corp., Cambridge 
42. Mass. 

Wenco Mfg. Co., 1136 West Hubbard. 
Chicago 22, Ill 

Winzeler Manufacturing and Tool Co., 1712 


W. Arcade Place, Chicago 12, Ill 
Wrought Washer Mfg. Co., 2200 S. Bay 
Milwaukee 7, Wis. 


STAMPINGS., NON-METALLIC 


Auburn Manufacturing Co., 306 Stack 
Middletown. Conn 


Continental-Diamond Fibre Div., of The 
Budd Co.. Inc., Newark 13. Del 

Federal Tool & Mfg. Co., 3608 Alabama 
Ave.. Minneapolis, Minn. 

Richardson Co., 2799 Lake, Melrose Park. 

Stahiin Brothers Fibre Works, Inc., Dept 
E. Belding, Mich 

STARTERS, FLUORESCENT. See Fluo 
rescent Lamp Auxiliaries. 

STARTERS, MOTOR. See Controllers 
Motor; Push Button Stations. 


STEATITE. See Ceramics. 


STEEL—Commercial Forms and Grades 
Alloy (A) 
Bars (B) 
Carbon (Cc) 
Coated (D) 
Sheets and Strips (8) 
Enameling (EB) 
Stainless (N) 
Cold Rolled Only (0) 
Tubing (T) 
(See also Steel, Electrical) 

Allegheny Ludlum Steel Corp., Henry W 
Oliver Bldg., Pittsburgh 22, Pa. (NS) 

American Steel & Wire Div vu. § 
Steel Corp Rockefeller Bldg., Cleve- 
land 13. Ohio (NS) 

Barnes Co., Wallace, Div Associated 
Spring Corp., Bristol, Conn. (S-CO) 
(Spring) 

Chase Brass & Copper Co., Waterbury 
20, Conn. (N) 

Columbia-Geneva Steel Div., U. S. Steel 


Corp. San Francisco, Calif. 
Crucible Steel Co., of America, Henry W 
Oliver Bldg., Pittsburgh 30, Pa 


(ABCNS) 

Driver Co., William B., 150 Riverside 
Ave.. Newark, N. J. (Stainless Steel 
Wire) 

National Tube Div., U. 8S. Steel Corp 
Pittsburgh, Pa 

Newport Steel Corp., Newport, Ky. 
(ADES) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (T) 


Ryerson & Son. Inc., Joseph T., Chicago. 
Tl (ARCDENST) 

Superior Steel Corp., Carnegie, Pa. (AD- 
NS) (Spring) 

Tennessee Coal & Iron Div., U. 8S. Steel 
Corp.. Fairfield, Ala 

TU. 8. Steel Corp.. 525 William Penn Pl. 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 


STEEL, ELECTRICAL (Silicon) 
Sheets and Strips. 


Allegheny Ludlum Steel Corp., Henry W. 
Oliver Building, Pittsburgh 22, Pa. 

Newport Steel Corp., Newport, Ky. 

U. S. Steel Corp., 525 William Penn Pt. 
Pittsburgh 30, Pa 
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Because 


Winpower knows’ dependability is 
possible only when every component is 
highest quality ... consistently uniform. 

Send for Catalog 55E —shows how 
to order molded or assembled types. 


NAA 
PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 


a high grade board for 
electrical insulation 
Possessing high tensile 
and dielectric Strength 

Used in a large variety 
of Punchings and other 
insulating applications. 


DENSITE 


an extremely hard and 
tough board of superior 
quality. Used by many 
leading manufacturers 
of electrical equipment 
to replace the more ex- 
pensive types of insulat- 
ing materials. 


Meteo bade 
Fibre Board 


FOR ELECTRICAL 
WALEED ae) 


PULP PRODUCTS DEPARTMENT 


DH 


230 Park Avenue, New York 17, N.Y 35 E. Wacker Drive, Chicago 1, III 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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look to 


SEV a Rel 


for UNIFORM QUALITY 
DEPENDABLE DELIVERY 


NATIONAL LOCK combines long-term experience, 
extensive plant capacity and skilled personnel toassure 
you products of highest quality. In looking for a de- 
pendable supplier of special fasteners, functional or 
decorative hardware, check with NATIONAL LOCK. 


Undoubtedly, our facilities can be of service to you. 
Write us for complete information 


e Screws and Bolts for Wood and Metal Applications 
e Stampings... Pressure Zinc Die Castings ¢ Chest Locks 
... Cabinet Locks .. 
plastic and Thermo Setting ¢ Handles and Pulls ¢ Butts 
and Hinges ® Combination Shackle Locks and Built-In 
Locks ® Refrigerator and Stove Hardware... Both Standard 


. Friction Catches @ Plastics, Thermo- 


and Custom ® Extensive Line of Kitchen Cabinet Hardware. 


QUALITY HARDWARE .. . ALL FROM ] source 


N NATIONAL LOCK COMPANY 


tod) 


ROCKFORD, ILLINOIS 
















































G-211 solenoid, 10 Ibs. at | NA-726 solenoid; 16 lbs. 


85% voltage, 114” stroke. 


at 1” stroke, 100% voltage. 


G-200 line of solenoids. Re- 
placement for all sizes of 
General Electric Co.’s CR- 
9503-200 line of solenoids. 


NA-700 line of solenoids, 
replacement for National 
Acme solenoids, size for 
size, for all modifications. 


The solenoids of both the above replacement lines are 
all thoroughbred Trombetta solenoids. All dimensions 
of interest to the user are the same as the respective 
solenoids they replace. The pull and pull character- 
istics are identical. In either case, we are in a position 
to furnish replacement units for any and all modifica- 
tions. They are available for all voltages and frequen- 
cies, including direct current. 

See our catalogs in Sweet’s Catalog Service. Ask for 
more information. 


TROMBETTA SOLENOID CORP. 


329 N. MILWAUKEE STREET © MILWAUKEE 2, WISCONSIN 
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Available AC — DC 


Contact Capacities 
Available 10; 35; 
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A superior relay that has endured 
the test of time. . . Specified for 
many years by America’s largest 
manufacturer of electrical controls 
and communications equipment. 


For complete data, 
write for Bulletin No. 30-2. 


Engineering RELAYS 
representatives 


in principal cities 


358 


STRAIN RELIEFS. See Grips & Clamps. 


| Wire Stripper Co., 


Strain Relief. 


STRIPPERS, WIRE 
Arwos Engineering Co., 2737 8 28th, Mil- 
waukee 7, Wis 


Holub Industries, Ine., 445 Elm, Syca- 
more, Ill. 


ideal Industries, Imc., 1008 Park Ave., 
‘Sycamore, IIl. 

Wenco Mfg., 1136 West Hubbard, Chi- 
cago 22, Ill. 


1721 Eastham Ave., 
East Cleveland 12, Ohio = 


| STRIPPING COMPOUNDS. See Cleaning 


Compounds, Metal. 


STRIPS, BLOCKS and 
TERMINAL aaneen. 


Aircraft-Marine Products Inc., 2100 Pax- 
ton, Harrisburg, Pa. 


Alden Products Co., 4125 N. - 
ma ne. N. Main, Brock 


Alpha Electric Products Co., Marion 
ane : 
merican Lava Corp., tanoog 

— P Chat a 5, 


Buchanan Electrical Products r 
pete, 22, Hillside, N. J. —— a 
urn Engineering Co., 
—_ Z Norwalk, 
Cambridge Thermionic Corp., 458 Concord 
Ave., Cambridge 38, Mass. 


Inc., 


| Cutler-Hammer, Inc., 1264 St. Paul Ave., 


Milwaukee, Wis. 
Dimeo-Grey Co., 210 E. Sixth, Dayton 2, 


hio 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapb 

lan te ae Rd., Clifton, N. J. 

v., Howar -, Cinch Mfg. Corp.. 

ae z. Ill. ' ” 
arathon Electric Mfg. Corp., Cher & 
Randolph, Wausau, Wis. = 

Mycalex Corp. of America, 116 Clifton 
Blvd., Clifton, N. J. 

Soreng Products Corp., 9551 Soreng Ave. 
Schiller Park. Il 


Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. 
l S. Engineering Co. Inc., 521 Com- 


mercial, Glendale 8, Calif. 


U. S. Gasket Co., Camden 1, N. J 


SUBASSEMBLIES, ELECTRONIC 


Technical Development Corp., 4060 Ince 
Blivd., Culver City, Calif. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Limit (Rotary Cam & 

Gear) (Ww) 
Magnetic (C) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
‘oo! (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever CN) 
Panel (0) 
Push Button Snap 

(Toggle, Slide, Rotary) (P) 
Remote Control (R) 
Selector (Rotary Tap) (8) 
Through-Card (Snap) (T) 
Coaxial (U) 
Motor Speed Control (Vv) 


See also Circuit Breakers; Push Button 


Stations; Controllers, Motor; Relays; 
Timers, 
Acro Manufacturing Co., Columbus 16, 


Ohio (B) 
Adams & Westlake Co., Elkhart, Ind. 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. (ACEFJPR) 
Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 
Allis-Chalmers, Milwaukee 1, Wis. 
Automatic Electric Mfg. Co., 60 State. 
Mankato, Minn. (GR) 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ill. (HLNR) 
Automatic Switch Co., 393 Lakeside Ave., 

Orange, N. J. (CHR) 
a Oe Waterbury 20, Conn. (ADEF- 
3JPRS) 


Centralab Div. of Globe-Union, Inc., 962L 


E. Keefe Ave., Milwaukee 1, Wis. (NS) 


Clare & Co., C. P., 3°Ss W. Pratt Blvd., 
152nd, 


Chicago 45, Ill. 
Clark Controller Co., 
Cleveland 10, Ohio (C) 


1146 E. 


Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. (N) 
Control Products Co., Inc., 806A Sussex, 


Harrison, N. J. (B) 


Cramer Co., Inc., R. W., Box 8, Center- 
brook, Conn (G) 
Crouse-Hinds Co., Syracuse 1, N. Y. 


(DPSV) 
Curtiss-Wright Corp., Carlstadt, N. J. 
Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1, Wis. (FGLPW) 
Daven Co., 536 W. Mt. 
Livingston, N. J. (S) 
Denison Mfg. Co., R. B., 102 St. 
Ave., N.W., Cleveland 13, Ohio (B) 
Dimco-Gray Co., 210 E. 
Ohio (G) 
Durakool, Inc., Elkhart, Ind. 
Eagle Signal Corp., 
Ti. (G) 


Edison, Inc., Thomas A., Instrument Div., 


Dept. 53, West Orange, N. J 
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(F) 
Paul Ave., 


Pleasant Ave., 
Clair 
Sixth, Dayton 2, 


(D) 
202 20th, Moline 1, 





Electro-Snap Switch and Mfg. Co., 423¢ 
W. Lake, Chicago 24, TL. (B) 
Fasco Industries, Inc., Rochester 2, N. ¥ 


(EJO) ‘ 
Federal Telephone and Radio Co., Div. of 
International Telephone and sleep 
= 100 Kingsland Rd, Clifton, N. J. 
NS) 
Powe. Inc., 111 Pleasant, Ashland, Mass. 


Furnas Electric Co., 1024 McKee, Batavia, 
Ill. (ABCEFLO) 
8 Hollywood Plaza, 
(FG) 


G-V Controls Inc., 
East Orange, N. J. 

General Electric Ce., Apparatus Sales Div., 
Schenectady 5, N. Y. (ABCDEFGHJE- 
MNOPRSTUV) 

General Thermostat Corp., 10 Albany Ave., 
Bartlett, N. H. 

Guardian Electric, 1627-N W, Walnut, 
Chicago 12, Ill. (CFGHN) 

Harnischfeger Corp., Milwaukee 46, Wis. 


(W) 

Haydon Mfg. Co., Ine., 2529 Elm, Tor- 
rington, Conn. (G) 

Heinemann Electric Co., 99 Plum, Tren- 
ton, N. J. (0) 

Joy Manufacturing Co., Henry W. Oliver 
Bldg., Pittsburgh 22, Pa. 

Kellogg Switchboard and Supply Co., 12 
W. Monroe, Chicago 8, Ill. (S) (Crose- 


bar) 
Knox Porcelain Co., Knoxville 1, Tenn 


(P) 

Leach Relay Div., Leach Corp., 5915 Ava 
lon Blvd., Los Angeles 3, Calif. 

Leland, Inc., G. H., 123 Webster, Dayton 
2, Ohio 

Mallory & Co., Inc., P. R., 
6, Ind. (GNPS) 

Mechanical Industries Production Co., 216 

Belmont Ave., 


Ash, Akron, Ohio 
Chi- 
(ABCDEF) 


Mercoid Corp., 4201 
cago 41, IIL. 

Micro Switch Div., Minneapolis-Honeywel) 
Regulator Co., Freeport, Ill. (BDFLS) 

National Acme Co., 176 E. 13st, Cleve- 
land 8, Ohio (BP) 

Ohmite Mfg. Co., 3613 Howard, Skokie 


Indianapolis 


Ill. (NS) 
Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill. (P) 


R-B-M Div., Logans 
port, Ind. 
Rhodes, Inc., M. H., Hartford, Conn. (G) 
Robertshaw Thermostat Div., Robertshaw 
a Controls Co., Youngwood, Pa 
M) 
Soreng Products Corp., 9551 Soreng Ave., 


Essex Wire Corp., 


Schiller Park, Ill. (ABELPS) 

Spencer Thermostat Div. of Metals & 
Controls Corp., 111 Forest, Attleboro, 
Mass. (EF) 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. (ABCEFLOPR) 


Stackpole Carbon Co., St. Marys, Pa. (P) 
Switchcraft, Inc. 1828 N. Halstead, Chi 
cago 22, Ill. (N) 


Ther Electric & Machine Works, lla 
8. Jefferson, Chicago 6, Ill. (8S) 
Torq Engineered Products, Inc., Bedfora 


Ohio (V) 
Unimax Div. of the W. L. Maxson Corp 
460 W. 34th, New York 1, N. Y. (D) 
Ward Leonard Electric Co.. 600 South 
Mount Vernon, N. Y. (CGHOR) 
Westinghouse Electric Corp.. Gatewa 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. (ABCDEFGHLOPS) 
Zenith Electric Co.. 152 W. Walton, Chi 
cago 10, Ill. (HR) 


SYNCHROS. See Sertomechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y. 

Ideal Industries, Inc., 1008 Park Ave. 
Sycamore, Ll. 

Reliance Electric & Engineering Co., 105 
Ivanhoe Rd., Cleveland 10, Ohio 

Sticht Co., Inc., Herman H., 27 Park PL. 
New York 7, N. Y. 

Veeder-Root, Inc., Hartford 2, Conn. 

Weston Electrical Instrument Corp., 61¢ 

Frelinghuysen Ave., Newark 5, N. J 


TAGS, TERMINAL 


National Band & Tag Co., Dept. 9-14 
Newport, Ky. 

Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J 

TANTALUM 


Fansteel Metallurgical Corp., N. Chicage. 
Til. 

Mallory & Co.. Inc., P. BR., Indianapolis ¢@ 
Ind. 


TAPE, ADHESVE and COIL 
FASTENING 


Armstrong Cork Co., 7012 Ingersol, Lap 
caster, Pa. 

Dennison Manufacturing Co., 300 Howard. 
Framingham, Mass. 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6. Ml. 

Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, TL 

Minnesota Mining & Mfg. Co., Electrica) 


Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn. 

Permacel Tape Corp., New Brunswick. 
N. J. 

Polyken Products Dept. of The Kendal 
=~... O° Ww. Jackson Blvd., Chicage 
6, Tl. 


Seamless Rubber Co., New Haven 8, Conn 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp.. 
WasMington Blvd., Chicago 6, 


565 W 
Ti 
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| NEY’S small parts 
play a BIG part 
| 


Reliability of many precision electrical instruments 
depends upon accurate transmission of electrical signals 
between moving parts. The Potentiometer Division of 
the Fairchild Camera and Instrument Corporation has 
selected Ney Paliney #7* for use as wipers and sliders 
in their precision potentiometers because Paliney #7 








Arrows point to Paliney #7 contacts 


used in this Fairchild Type 746 Pre : : : ~) 
cision Potentiometer. provides the important advantages of a long life with 


excellent linearity and the ability to hold noise at a 
minimum. 





Ney manufactures many other precious metal alloys which, like Paliney #7, have ideal elec- 
trical characteristics, high resistance to tarnish, and are unaffected by most industrial atmospheres. 
Ney Precious Metal Alloys have been fabricated into slip rings, wipers, brushes, commutator seg- 
ments, contacts, and intricate component parts and are used in high precision instruments through- 
out industry. Should you have a contact problem, a call to the Ney Engineering Department will 
result in study and recommendations which will improve the output of your electrical or electronic 
instruments. 


THE J. M. NEY COMPANY @ 371 ELM ST., HARTFORD 1, CONNECTICUT 
Specialists in Precious Metal Metallurgy Since 1812 


*Registered Trade Mark INYSSA 





28 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not Just 28 years of 
—z one or two 
types of standard wire strip- 
pers, but continuous research 
and development of many 
wire strippers to meet 
ever changing needs. 
Speedcraft (Illustrated) has 
widest application and su- 
ote performance on most 
Inds of smaller wire. 





instrument 
TO SAVE SPACE 





MODEL 153 


ACTUAL SIZE 
Write for complete information—sending wire samples—no obligation. 


h 
WIRE STRIPPER CO. 1729 EASTHAM AVE. 2 


E. CLEVELAND, OHIO INCH 


ee | miniature 


DYKEM | meters 


For larger sizes inquire 
about our Air Operated 
Cable Stripper. 

Consult us about your wire 
stripping problems. 











in precision instruments 



















another miniature 





















STEEL BLUE’. 


9 
Stops ave wa Popular package is 
: 8-oz. can fitted with 

5) Bakelite cap holding 

: soft-hair brush for ap- 
plying right at bench; 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. « St. Louis 6, Mo. 


ark Tie 









READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Model 153-W has successfully met the requirements of 
specification MIL-M-3823. For commercial applications 
order Model 153-C. 

@ RANGES: D.C. AMPS, 0-100 UA to 0-15 AA — D.C. VOLTS 
0-50 MV to 0-500 VV — A.C. VOLTS, 0-1 VV to 0-500 Ww 
© SPECIAL SCALES, RANGES AND OTHER CHARACTERISTICS 
TO MEET YOUR REQUIREMENTS 


7 
WUE FoR ENGINEERING DATA SHEETS ON: 
1/2" Ruggedized Meters; 1’ and 11/2” Panel 
Meters; 11/2’ VU, DB and Illuminated Meters; 
Minicture Multitesters and Side Indicators. 


international 


instruments, inc. 
P.O. BOX 2954, NEW HAVEN 15, CONN. 















PLUGS & ¢ 
SOCKETS 


500 SERIES 


P-506-CE—Piug with Cap 


§-506-DB 


Socket with deep Bracket 


Alla al 


For 5,000 Volts, 25 Amperes 
per Contact Alterable by cir- 
cuit Characteristics. 


Socket contacts of phosphor bronze, knife-switch type, cad- 
mium plated. Plug contacts hard brass, cadmium plated. 
Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets 
polarized. Long leakage path from terminal, and terminal 
to ground. Caps and brackets, steel parkerized (rust- 
proofed). Plug and socket blocks interchangeable in caps 
and brackets. Terminal connections most accessible. Cap 
insulated with canvas bakelite. 





Write for Jones BULLETIN 20 for full details on line. 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 


7 
‘ 


7 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 





Called “FOPS” 






hae ee 
5 EE aaa 
STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 









%& TOP PERFORMERS 
*& TOP QUALITY 
% TOP WORKMANSHIP 





Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 


America's leading nationally advertised electrical 
appliances. 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 


ments, An inquiry, NOW, will prove profitable to 
you! 


THE STILL-MAN COMPANY 


429 East 164th Street, New York 56, N.Y 
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Irvington Div., Minnesota 
Manufacturing Co., 
Irvington 11, N. J. 

wae ile, Box 60, New York 16, 


Mining & 
9 Argyle Terrace, 


me Be 
Johns-Manville Corp., Dutch Brand Div., 


7800 Woodlawn Ave., Chicago 19, Ill. 
Minnesota Mining & Mfg. Co., Elec- 
trical Products Div., 900 Fauquier 


Ave., St. Paul 6, Minn. 
Mitchell-Rand Insulation Co., 51 Murray, 
New York 7, N. Y. 
Polyken Products Dept. of The Kendall 
es 1 7 W. Jackson Blvd., Chicage 


Seamless Rubber Co., New TWaven 8, Conn 
U. 8S. Rubber Co., Rockefeller Center, 
New York 20, N. Y. 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving & Tape, Asbestos; 
Tape, Friction & Splice; Tape & Sheet- 
ing, Synthetic Resin. 


TAPE, MAGNETIC RECORDING. 
See Magnetic Recorder Components 


TAPE, MICA. See Mica 


TAPE and SHEETING. SYNTHETIC 
RESIN 


Cee Diemens Fibre Newark 


: Co., 
el. 

du_Pont de Nemours & Co. (Inc.) E. I 
Plastics Dept., Wilmington 98, Del. 

General Electric Co., Chemical & Metal- 
lurgical Div., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chieago 6, Tl. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge. N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 

Polyken Products Dept. of The Kendal! 


309 W. Jackson Blvd., Chicago 6. 
Raybestos-Manhattan Inc., Asbestos Tex- 
tile Div., Manheim, Pa. 
2, ee. Inc., Santa Barbara, 
all 


Seamless Rubber Co., New Haven 8. Conn. 

Shamban Engineering Co., 11617 W. Jeff- 
erson Blvd., Culver City, Calif. 

U. 8S. Gasket Co., Camden 1, N. J 


TAPES, MEASURING 
Keuffel & Esser Co., Hoboken, N. J. 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, N. Y. 
Kellogg Switchboard and Supply Co, 79 


W. Monroe, Chicago 8, IIL 

National Pneumatic Co., Inc., and Holtzer 
— Divs., 125 Amory, Boston 19, 
Mass. 


TEMPERATURE CONTROLS. See Con- 
trols. Pressure & Temperature; Relay; 
Switches; Thermometers; Thermostats. 


TENSIOMETERS 


Dillon & Co., Inc., "W. C. 


14628F Kes- 
wick, Van Nuys, Calif. 


TERMINAL BLOCKS. See Strips 


TERMINALS. See Lugs and Terminals 


TESTING CHAMBERS. See Chambers, 
Test. 
TESTING INSTRUMENTS. See Instru- 


ments. Also Tools, Portable. 
THERMAL SWITCHES. See Switches 


THERMISTORS 


Carborundum Co Globar Div., Niagara 
Falls, N. Y. 

THERMOCOUPLES 

Assembly Products, Inc., Chesterland 14, 


Ohio 
Bristol Co., Waterbury 20, Conn. 
General Electric Co., Apparatus Sales Div., 

5 N.Y 


Schenectady 5, N. ° 
Rockbestos Products Corp., New Haven 4, 


Conn 
Electric Co., 109 Fifth, 


Thermo Saddle 
Township, Rochelle Park 
J 


River Post 
Office, N ‘ 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J. 
Wheelco Instruments Div., Barber-Colman 

Co., 1408 Rock, Rockford, Il. 


THERMOMETERS 
Assembly Products, Inc., Chesterland 14, 
Ohio 


Bristol Co., Waterbury 20, Conn. 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N. J. 

TAGliabue Instruments Div., Weston Elec- 
trical Instrument Corp., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J. 
Wheelco Instruments Div., Barber-Colman 

Co., 1403 Rock, Rockford, Ill. 


THERMOPLASTIC WIRE. See Wire &@ 
Cable, Insulated. 


THERMOSTATIC BIMETALS 


American Silver Co., Inc., 36-02 Prinese, 
Flushing 54. N. Y. 

Brainin Co., C. S., 318 Washington, Mt 
Vernon, N. Y. 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Chase Co., W. M., 1608 Beard Ave., De- 
troit 9, Mich. 


General Plate Div., Metals and Controls 


Corp., 412 Forest, Attleboro, Mass 
Wilson Co., The H. A., Dept. EB, 2655 
U. 8. Route 22, Union, N. J. 
THERMOSTATS 
Acro Manufacturing Co., Columbus 16, 
Ohio 
American Thermostat Corp., South Cairo, 
nN. ¥ 


Barber-Colman Co., Dept. X, 1203 Rock 
Rockford, Il. 

Bristol Co., Waterbury 20, Conn. 

Curtiss-Wright Corp., Carlstadt, N. J 

Dales Co., Franklin 180-184 E. Mill 
Akron, Ohio 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N. J. 

Fenwal, Inc,, 112 Pleasant, Ashland, Mass 

G-V Controls, Inc., 8 Hollywood Plasa 
East Orange, N. J. 

General Electric Ca, Apparatus Sales Div., 
Schenectady 5, N. Y. 

General Thermostat Corp., 10 Albany Ave. 
Bartlett, N. H. 

Mechanical Industries Production Co., 216 


Ash, Akron, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. 

Robertshaw Thermostat Div., Robertshaw- 


Fulton Controls Co., Youngwood, Pa. 
Spencer Thermostat Div., Metals & Con- 
trols Corp., 112 Forest, Attleboro, Mass. 
Stevens Mig. Co., Inc., Manstield, Ono 
ee 429-33 E. 164th. New York 
N.Y 


Therm-O-Disc, Inc., 127 Crouse, Mane- 
field, Ohio 


Torq Engineered Products, Inc., Bedford. 
Ohio 
Westinghouse Electric Corp., 180 Merce: 


St., Meadville, Pa. 
—— Instruments Div., 


Barber-Colman 
1403 Rock, Rockford, Ill. 


TIMERS, MOTOR 


Allen-Bradley Co., 1316 8. Second, Mi) 
waukee 4, Wis. 

Automatic Electric Mfg. Co., 
Mankato, Minn. 

Bristol Co., Waterbury 20, Conn. 

Cramer Co., Inc., R. W., Box 8, Center 
brook, Conn. 

Dimco-Gray Co., 210 E. Sixth, Dayton 2 
Ohio 

Bagle Signal Corp., 202 20th, Moline | 
Ill 


60 State 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 


Hansen Mfg. Co., Inc., Princeton 8, Iné 


Haydon Co., A. W., 234 N. Elm. Water 
bury 20, Conn 

Haydon Mfg. Co., Inc., 2529 Elm, Ter- 
rington, Conn. 

Industrial Timer Corp., 131 Ogden, New- 
ark 4, N. J. 

Mercoid Corp., 4201 Belmont Ave., Chi- 


cago 41, Ill. 
Soreng Products Corp., 
Schilier Park, Ill 
Square D Co., 4041 N. Richards, Milwav 


9551 Soreng Ave. 


kee 12, Wis. 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N : 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 

Zenith Electric Co., 152 W. Walton, Chi 
cago 10, Ill 


TIME SWITCHES. See Switches 


TOOLS, PORTABLE 


Barber-Colman Co., 
Rockford, Ill 


Dept. X, 1203 Rock 


(Hardness Testing) 


Ryerson & Son, Inc., Joseph T., Chicaes, 
TiL. 
Scruggs Co., Loyd, 1022-32 N. Sixth, ® 


Louis 1, Mo 
Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div., United 
States Steel Corp., 208 8S. La Salle, 

Chicago 4, Ill. 


TRACING CLOTH, FILM and PAPER 


Bruning Co., Inc., Charles, 4700 Montrose 
Ave., Chicago 41, IIl. 

Eastman Kodak Co., Rochester 4, N. ¥ 

Keuffel & Esser Co., Hoboken, N 

Ozalid, A Div. of General Aniline & Film 
Corp., 330 Ozaway, Johnson City, N 


DECEMBER 1955 ELECTRICAL MANUFACTURING 


ss : 


ORAS RUM DEIR 
smallest, lightest coax 


Write for our helpful free Brochure 

NUS Ce ehy mc maleate mcm e lb 

TUT CM meme TEL a 

Coax Connectors, Cables, Tools 
ere -110] Mm Loud ULo Tay 

Mininoise® Cable to reduce 

self-generated noise 99%. 


MICRODOT 


1826 FREMONT AVENUE 
ome g Sy te). |e Vel 

















Available 
Administrative Electrical Engineer 


. with extensive experience in motor design, 
development and application. Concentrated 
largely in special fractional h.p. field. Apprecia- 
tion of impact of sales policies upon engineering. 


Address Box 100 


ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20, N. Y. 





Identify Wires Permanently 


Easy fo apply, replaces obsolete string 
and paper identification methods. 


| * Aluminum steel, brass 

or zinc. 

* Big variety, all styles 
and sizes. 

* For aircraft, radio, 
telephone, motor and 
generator manufacture, 
etc 


Free Samples and 
Literature Upon Request. 


NATIONAL BAND & TAG CO., Dept. 9-37, Newport, Ky. 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





LARGE or SMALL 


ay 










Actual 
| «— Size 








NYLON or Phenolic 
NEED BRUSH CAPS? 


sry with Inserts 


or Molded 
Threads 













Write for Triple ‘“M” Catalog 





Send Blueprint for Quotation 


% t Us * GURNEE 
‘ed @ ILLINOIS 
AND MANUFACTURING COMPANY ©@ 






Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 


PLASTICS . rootinc - COMPRESSION: 


INJECTION 
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ELECTRICAL 


AULA 


PRECISION SERVICE 


from Order to Delivery! 


Your production problems may be simplified when 
you consult en organization with a long record ef 
successfully serving electrical monufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish yeur 
own designs executed, send us your requirements, 
and they will receive our most careful attention 


Extra KNOW-HOW 


for your specific design problems 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


aT Washington Street, Mt. Tere Naa 


SIMPLIFIED DESIGN, COMPLETE 
NEW MANUFACTURING TECHNIQUE 


Adds new precision to one of the 


oldest, most reliable lock nuts 


The old hot forged M-F “Unitary” lock nut has become 
the precision manufactured, cold finished ‘‘Uni-Torque"’ 
lock nut with a higher torque 
consistency than ever before 
thought possible. 

Without the use of plastic, fibre, 
slots or other complicated lock- 
ing devices, the MacLean-Fogg 
Lock Nut Company has suc- 
ceeded in developing a refined 
version of the reliable Deflected 
Thread Type Nut. 

g Simplification and more pre- 
cise manufacturing techniques 
combined with modern equip- 
ment are the answer. 





THE M. F. UNI-TORQUE (& 
LOCK NUT 











Tests prove that the M-F Uni-Torque 
has a higher consistency of torque than 
all others. This is important for safety, 
design and product fidelity. A FREE 
valuable booklet showing styles of the Pe 
Uni-Torque and other M-F nuts is a 


available. Write: oe 


Mac Lean-Fogg Te Jorovt) 


Lock Nut Company 


5535 NORTH WOLCOTT AVENUE °« 


CHICAGO 40, ILLINOIS 
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| TRANSFORMERS, 
NT 


| Allis-Chalmers, 


TRANSFER SWITCHES. See Switches. 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal. 


TRANSFORMERS, ELECTRONIC 


Acme Electric Cerp., Cuba, N. Y. 

Caledonia Electronics & Transformer Corp., 
Dept. EM-12, Caledonia, N. Y. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, IL 


Dano Electric Co., 93 Main, Winsted, 
Sonn. 
Mfg. 1981 Clybourn Ave., 


Electran 
Chicago 14, Ill 
Federal Telephone and Radio Co., Div. of 
International Telephone ad Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 
Freed Transformer Co., Inc., 1736 Weir- 
field, Brooklyn (Ridgewood) 27, N. Y. 
General Transformer Co., 18240 Harwood 
Ave., Homewood, Ill. 
Keystone Products Co., 904-6 23rd, Union 


City, N. J. 
| Microtran Co., 84-11 Rockaway Blvd., 
Far Rockaway, N. Y. 


Nothelfer Winding Laboratories, 111 Albe- 
marle Ave., Trenton 8, 
Radio Corp. ‘of America, Tube Div., Har- 


rison, N. J. 

Sola eerie Co., 4633 W. 16th, Chicago 
Sv, Ill 

United Ttransformer Co., 150 Varick, New 


York 13, N. Y. 


| TRANSFORMERS, FLUORESCENT 


BALLAST. See Fluorescent Lamp Aux- 
iliaries 


INSTRUMENT 
CURRE 


Acme Electric Corp., Cuba, N. Y. 

Milwaukee 1, Wis. 

| Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Il 


Comar Electric Co., 8349 W. Addison 
Chicago 18, ILL 
Dano Electric Co., 93 Main, Winsted. 


Conn. 
Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Ill 
Federal Telephone and Radio Co., 
International Telephone 
Corp., 100 Kingsland Rd., Clifton, N. J. 
Freed Transformer Co., Inc., 1736 Weir- 
field, Brooklyn (Ridgewood) 27, N. Y. 
General Electric Ce. eee Sales Div., 


Schenectady 5, N 
General Transformer ‘an 18240 Harwood 


Div. of 
and Telegraph 


Ave., Homewood, 

Keystone Products Co., 904-6 23rd, Union 
City, N. 

Sola Electric Co., 4633 W. 16th, Chicago 
50, 

Standard Transformer Co., Warren, Ohio 

| Westinghouse Electric “Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


Keystone Typtacte Co., 
| N 
| Lindberg Engineering Co., 


Pittsburgh 22, Pa. 
Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, n. 2. 


TRANSFORMERS, pre age CIRCUIT 


Acme Electric Corp., Cuba, N. Y. 
Allis-Chalmers, Milwaukee 1 Wis. 
Chicago Standard Transformer Corp., 
dison & Elston Ave., 
Comar Electric Co., 
Chicago 18, Ill. - 
Cutler-Hammer, Ine., 


Ad- 
Chicago 18, Ill 
8349 W. Addison, 


1264 St. Paul Ave., 
Milwaukee 1, Wis. 
Dano Electric Co., 93 Main, Winsted, 


Conn. 


Dormeyer Industries, 3424 Milwaukee Ave., 
Chicago 4, Ill. 
Electran Mfg. Co., 1901 Clybourn Ave., 


Chicago 14, Ill. 
Freed Transformer Co., Inc., 1736 Weir- 
field, Brooklyn (Ridgewood) ee A 
General Electric Ca, Apparatus Sales Div., 
Schenectady 5, N. Y. 
Transformer Co., 


General 18240 Harwood 
Ave., Homewood, 
Hevi Duty Electric “Co., Milwaukee 1, 


Wisconsin. 
904-6 23rd, Union 


2450 W. Hub- 
bard, Chicago 2, 


Nothelfer Winding Laboratories, 111 A‘be- 
marle Ave., Trenton 8, N. 

Radio Corp. of America, Tube Div., Har- 

16th, Chicago 


City, 


rison, N. J. 
Sole mm Co., 4633 W. 


| mentued Transformer Co., Warren, Ohio 


| Ther 


| United Transformer Co., 


Electric & Machine Works, 11A 
S. Jefferson, Chicago 6, Tl. 
150 Varick, New 


York 18, N. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. 

Westinghouse Electric Corp., Gateway 


Center, Bldg. No. 8. 


401 Liberty Ave., 
Pittsburgh 22, Pa. 


TeAmerenmens. VARIABLE 
VOLTAGE 

Acme am Corp., Cuba, N. Y. 

Comar Electric Co., 8349 W. Addison, 


Chicago 18, TL 
Electran Mfg. Co., 1901 Clybourn Ave., 
Inc., 1786 Weir- 


Chicago 14, Ml. 
d eaueeaner Co., 
(Ridgewood) 27, Y¥. 
ectric Co., Saltese i, 


field, Brook = 
ae Duty 

Lindeore Engineering Co., 2450 W. Hub- 
hard. Chicago 2, Tl. 


Tube Div., 


Radio Corp. of America, Har. 


rison, N. J 


TRANSISTORS and CRYSTAL DIODES 


Federal Telephone and Radio Co., Div. 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Cliften, N. J, 

General Electric Co., Electronit Parts, 
Syracuse, N. Y. 

International Rectifier Corp., 1521 B§, 
Grand Ave., El Segundo, Calif. 

Radio Corp. of America, Tube Dept, 
Harrison, N. J. 

Raytheon Mfg. Co., Semiconductor Div., 
55 Chapel, Newton 58, Mass. 

Transitron Electronic Corp., 
Mass. 

Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 22, Pa. 


Melrose 16, 


Corp., Gateway 
401 Liberty Ave. 


TUBE PARTS (Electronic), See Ele. 
tronic Tube Components. 

TUBES, CATHODE RAY 

Du Mont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. 

Waterman Products Co., Inc., 2445-63 
Emerald, Philadelphia 25, Pa. 

TUBES, ELECTRON (industrial) 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Du Mont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Electrons, Inc., 127 Sussex Ave., Newark 


7, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Radio Corp. of America, 


Tube Div., Har- 
rison, N. J. 
Victoreen Instrument Co., 3800 Perkins 
Ave., Cleveland 14, Ohio 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


TUBES, 


METALLIZED GLASS. 
Glass, 


See 
Technical. 


TUBES, PHOTOELECTRIC. See Phote 
electric Cells & Tubes. 


TUBES, THERMOCOUPLE. 
Bristol Co., Waterbury 20, Conn. 


TUBING, ALUMINUM. 
See Aluminum. 


TUBING, BRASS, BRONZE and COP 
PER. See Brass, Bronze & Copper. 


TUBING, FIBRE. See Fibre. 


TUBING, LAMINATED METAL 


See Laminated Metals, Precious 4 
Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 


American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Ce., Waterbury 2¢ 


General Plate Div., Metals and Controb 
Corp., 412 Forest, Attleboro, Mass. 
International Nickel Co., Inc., 67 Wall 
New York 5, N. Y. 

Leach & Garner Co., Industrial Div., At 
tleboro, Mass. 

Revere Copper & Brass, Inc., 230 Part 
Ave., New York 17, N. Y. 

TUBING, PAPER 

Cleveland Container Co., 6201 Barberto» 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre Div. of The 


Budd Co., Inc., Newark 13, Del. 
Niemand Bros., Inc., 37- + 35th Ave.. 
Long Island City 1, 
Paramount Paper Tube “aq €12 Lafay- 
ette, Ft. Wayne 2, Ind. 
Precision Paper Tube Co. 2035 W 
Charleston, Chicago 47, Ill. 


TUBING, SEAMLESS (Miniature) 


Kleiner Metal Specialties Inc., P.O. Bos 
185, Dunellen, N. J. 

TUBING, SILVER. Sce Silver & Silver 
Alloys. : 

TUBING and SLEEVING, BRAIDED 


FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co., 1212 Barclay, 
Conshohocken, Pa. 
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Imperial 


Hl would yore 
TRACING CLOTH 


In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 
been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 
quality and 
value. 








FOR IMPREGNATING 

Radio Coils, Transformer Coils, 
Ignition Coils, Wire Coverings, 
Paper Tubes and Forms, Porous 
Ceramics. 


FOR SEALING 
Condensers, Batteries, Switch 

Base Terminals, Socket Terminals, 

Light Fixtures. | 


FOR DIPPING 


Coils, Transformers, Condensers. 


FOR POTTING 
C 0 M P 0 U N D S Radio Transformers, Light Units, 
Loading Coils, Condensers. 
Scientifically compounded from waxes, resins, asphalts, pitches, oils 
and minerals for specific applications, including fungusproofing 


and heat conducting. Specific data and samples will be furnished 
om request. 


BIWAX CORPORATION 
3445 HOWARD STREET SKOKIE, ILL. 











FOLDING DOUBLE CUPPED WASHER LUGS 


(Comm Solderless mmm) () 


(O——= Easy to Apply \ Qi} | 


No Special Tool Needed 


Write for 


mum Q)Q “oo Kart — 
| “as Kavrere « Hato” 
| 


| One-Piece rae © oO © 


) 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





for power supply 





Your best buy 


ROYAL 
Cords 


It makes sense to specify Royal Cord 
Assemblies in designing today’s electrically 
powered machines, appliances and equip- 
ment. For two reasons. 

First, Royal Quality-Engineered Cord As- 
semblies put power where you want it — 
efficiently and economically! Each assembly 
is designed to provide maximum strength 
and longer service life, even under toughest 
conditions. 


Second — as basic producers of flexible, 
lamp and service cords — Royal maintains a 
wide selection of stock and special molds 
for forming a variety of caps, connectors 
and strain reliefs in rubber, neoprene, vinyl 
or polystyrene. Royal Cords can be fur- 
nished with standard attachments or can be 
custom-made to meet your requirements. 
Write Royal today for complete cord 
assembly information. 









Ask for your copy of the 
NEW ROYAL CATALOG 
Contains complete details 
on Royal Stock Molds for 
Caps, Connectors and 
Strain Reliefs. 





WIRE © FLEXIBLE CORD 


CORD ASSEMBLIES * FUSES * WIRING DEVICES 






















ROYAL ELECTRIC COMPANY, INC. 
PAWTUCKET * RHODE ISLAND 








STOP 


Vibration... 


Inside any Machine: with rubber (or 
synthetic) insulation permanently fastened to both 
inner and outer sleeves . . . designed and built to your 
specifications. 


Under any Machine: with Vibra-Levelers, 
to isolate the vibration and shock that can’t be 
otherwise stopped. 


Align shafts with Silent-Lign pillow blocks 
—from stock or built to specifications. 


BUSHINGS from Bushings, Inc. are used on 
leading appliances, farm machines, machine 
tools, etc. 


Ask for suggestions and quotations now without obligation. 


COOLIDGE HIGHWAY 
AT 14 MILE ROAD 
ROYAL OAK, MICH. 








OW-COST LOCK NUTS 


for high-speed, vibration proof 
fastening of light assemblies 











PALNUT Lock Nuts cost less than plain 
nuts—lock as they tighten—elimi- 
nate lockwashers—speed up assem- 
bly—save space and weight. Also 
types that eliminate flat washers, 
threading, notching and cotter pins. 
Check all your nut-and-screw assem- 
blies against the savings and security 
of PALNUT Lock Nuts. Send details 
of your application for free samples 
and further information. Catalog on 
request. 


The PALNUT Company 
66 Cordier St., Irvington 11, N. J. 


VA 


ADEMARK 


LOCK NUTS 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

Corning Glass Works, Corning, N. Y. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Il. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N ‘* 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

Owens-Corning Fiberglas Cerp., 598 Mad- 
ison Ave., New York 22, N. Y 

Resin 
Calif. 

Vartiex Corp., 309 N. Jay, Rome, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Industries, Inc., Santa "Barbara, 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicage 6, Ill. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

National Vulcanized Fibre Ce., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 
Phalo Plastics Corp., Commercial & 

Foster, Worcester 8, Mass. 
Polymer Corp. of Penna., 2120 Fairmont 


Ave., Reading, Pa. 
nee. Industries, iInc., Santa Barbara. 
Calif. 


Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, IL 

U. S. Gasket Co., Camden 1, N. J. 

Varfiex Corp., 309 N. Jay, Rome, N. Y 


TUBING, STEEL. See Steel, Commercial 
Forms & Grades 


TUNGSTEN. See also Contacts. 

Fansteel Metallurgical Corp., Nerth Chi- 
cago, > 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 


UNDERCUTTERS, MICA. See Mica 
Undercutters. 
VACUUM TUBES. See Tubes, Cathode 


Ray; Tubes, Electron 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 393 Lakeside Ave., 
Orange. N ; 
Barber-Colman Co., Dept. X, 1203 Rock, 
Kockford, Ill. 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Magnatrol Valve Corp., Hawthorne 4, N. J. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. 

Modernair Corp., Room 9D, 400 Preda, 
San Leandro, Calif. 

Soreng Products Corp., 9551 Soreng Ave., 
Schiller Park, ILL. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3. 401 Liberty Ave., 
Pittsburgh 22, Pa. 


VALVES, THERMOSTAT OPERATED 


Dole Valve Co., The, 1901 W. Carroll 
Ave., Chicago 12, INL 
VARNISHED FABRICS. See Fabrics, 


Insulating. 


VARNISHES. COMPOUNDS and 


RESINS, INSULATING 
Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Sakelite Co., A Div. of Union Car- 
bide & Carbon Corp., 300 Madison 
Ave., New York 17, N. Y 

Borthig Co., Inc., George C., Box 115, 
East Rutherford 6, N. J. 

Celanese Corp. of America, 290 Ferry, 
Newark 5, N. J. 

Dow Corning Corp., Midland, Mich. 


(Silicone) 
du Pont de Nemours & Co., (Inc.), E. L., 


Finishes Dept., Wilmington 98, Del 
Durez Plastics Div., Hooker Electro- 
chemical Co., 1312 Walck Road, North 
Tonawanda, N, Y. 
General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 
Insulation Manufacturers Corp., 565 W. 


Washington Blvd., Chicago 6, Ill, 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. ; 
Mica Insulator Co., Schenectady 1, N. Y. 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 


Paul 6, Minn. 

Oronite Chemical Co., 38 Sansome, San 
Francisco 4, Calif. 

Westinghouse Electric Corp., Gateway 


Center, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Zophar Mills, Inc., 112-130 26th, Brooklyn 
om Ms Ee 


VARNISHES, FINISHING. See Lacquers, 
Enamels & Varnishes 
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VARNISHES, INSULATING. See Var- 
nishes, Cempounds & Resins. 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. i 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 


VIBRATORS 
Aerovox Corp., New Bedford, Mass. 
American Television & Radio Co., S& 
Paul 1, Minn. 
Bristol Co., Waterbury 20, Conn. 
Indianapolis 


Mallory & Co., Inc., P. R., 
6, Ind. 


VOLTAGE REGULATORS. See Regula 
tors, Voltage; Transformers, Variable 
Voltage. 

VOLTMETERS. See Instruments 


WASHERS, BEARING. See Bearings & 
Bushings. 


FLAT. See Fasteners 


WASHERS, 


and COMPOUNDS 


Bakelite Co., A Div., of Union Carbide 
& Carbon Corp., 300 Madison A’ve.. 
New York 17, N. Y. 

Biwax Corp., 3445 Howard, Skokie. Ml 


WAXES 


Dow Corning Corp., Midland, Mien 
General Electric Ce., Chemical Div., } 
Plastics Ave., Pittsfield, Mass. 


Mica Insulator Co., Schenectady 1, N. Y. 
Minnesota Mining & Mfg. be 
Products Div., 900 Fauquier Ave., 

Paul 6, Minn. 
Zophar Mills, Inc., 112-130 26th, Brookly» 
$2, N. Y. 


WEDGES and PEGS, ARMATURE 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1. N. ¥ 
National Vulcanized Fibre Co., Wilming 

ton 99, Del. 


WELDING EQUIPMENT 


General Electric Co., Apparatus 


Div., Schenectady 5, N. Y. (Are 
Revere Copper & Brass Inc., 230 Pard 
Ave., New York 17, N. Y. 

Unitek Corp., 258 Halstead Ave., Passe 
dena 8, Calif. 

Westinghouse Electric Corp., P.O. Ba 
2025, Buffalo 5, N. Y. (Flexare) 


WELD NUTS. See Fasteners 


WHEELS, BLOWER 


Torrington Manufacturing Co., Torringtoo 
Conn. 


WINDING MACHINES. See Coil Wind- 


ing Machines. 


WIRE and CABLE, BARE 


Alloy Metal Wire Div., H. K. Porter 
Co., Inc., of Pittsburgh, Prospect Park, 
Pa. 

American Brass Co., Waterbury 20, Conn, 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 18, 
Ohio 

Anaconda Wire and Cable Co., 25 Broad 
way, New York 4, N. Y. 

Chase Brass & Copper Co., Waterbury 20. 


Conn. 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. . 

Essex Wire Corp., Magnet Wire Div., Fort 
Wayne 6, Ind. 

General Cable Corp., 420 Lexington Ave., 
New York 17, N. Y. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., Menessen, Pa. (Stainless 
or Carbon Steel Armature Bending) 

Phelps-Dodge Copper Products Corp., Fort 


Wayne, Ind. 
Roebling’s Sons Corp., John A., Sub. of 
Colorado Fuel & Iron Corp., Trenton 


a, es ee 
Rome Cahle Corp., Rome, N. Y. 
Ryerson & Son, Inc., Jeseph T., Chicago, 
Ti 


Sylvania Electric Products Inc., 740 Broad- 
way, New York 18, N. Y. 

WIRE and CABLE, INSULATED 
Asbestos ' (A) 
Rubber (B) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (xX) 


Alden Products Co., 4125 N. Main, Brock- 
ton 64, Mass. 


MANUFACTURING 


New Preset Counter 


4y FREED 


MODEL 
2020 


The Freed Mode! 2020 Preset Counter is designed for low cost 
reliable counting applications, where accuracy and mainte- 
nance-free operation is required. 

Cold cathode counting and trigger tubes, with simplified cir- 
cuits, are used throughout which assure years of trouble-free 
counting service and low-power consumption. 

Mode! 2020 is a 4-digit single preset counter c suette of con- 
trolling any operation that is repeated up to 9.999 times. Any 
number from ge 9,999 may be preset on the 4-digit selector 
switches. When the preset total has been reached, the counter 
will provide an output pulse and close contacts on a relay. 











Requirements: 
® Dimensional Stability 
e Dimensional Accuracy 
@ No Cold-Flow @No Hot-Flow 
e@ High Dielectric Strength 
® Non-Carbonizing 











These outputs may be used simultaneously or separately to 
stop machines, actuate control signals, or trigger additional 


equipment. 
SPECIFICATIONS E000 Cold. Ma 
Maxi Count: Size: 
"ies digits — 9,999 ee x 6 x 12 inches . 0 a ad 
Moximum counting rat-: Weight: 


00.000 counts per minute 
Input Sensitivity o> penne 
and Waveform 


3 * ae . i 
‘. Power: 
pee 25 wat 
we. 10S- 125. an 50-60 cycles 
Relay contact 10 Amperes Price: 


Pulse output 50 volts $425.00 
Freed also manufactures Totalizing, Preset, and Batching Counters 
SEND FOR COMPLETE INFORMATION 
Engineering assistance available for adapting 
these counters to your specific applications. st ; ’ . 

Millions of these tiny insulating spacers 
are cold molded from organic ROSITE 
and finished to thickness tolerances of 

+.002”. It takes a thousand of them to 

make a pound. They are used in vibra- 

POWER SUPPLIES P y bra 


FREED TRANSFORMER CO., INC. 
AIRBORNE & GROUND SYSTEMS tors manufactured by P.R. Mallory & Co., 


1730 Weirfield Street, Brooklyn (Ridgewood) 27, N. Y. 
Indianapolis, Indiana, world’s largest 





A responsible job in a field of exceptional importance is now open 


producer of this type of equipment for 
automobile radios. 


at GE for an engineer with a BS in EE, and minimum of 2 
years experience with missile or aircraft power systems. 


He will perform all engineering work rec — d for development 
design and product engineering of power supplies for missile elec- 
trical airborne and ground systems in accordance with design 


ROSITE was selected for these parts 
because (1) It meets all specifications 
and requirements, (2) Exclusive manu- 
facturing techniques assure economy 
and dependable volume production. 
The material formerly used was not 
completely satisfactory because of 
being affected by temperature and 
moisture change. 


Stone-like ROSITE has proved to be 
“A Better Answer” for many molded 
parts ranging from simple to complex 
and from very small to large. Send 
today for descriptive literature. 


specifications. This includes preparation of c« omplete load analysis | 
devel« pmer it or selection of power supplies; transmission and sup- 
port of all engineering instructions to manufacturing section 


SAL ane Is enCuaaanet 
nplete 


MR JAMES HEVELIN,. ‘on 206-EM 


| SPECIAL DEFENSE PROJECTS DEPT 


2900 CAMPBELL AVE., SCHENECTADY, N. Y 





@ Q-MAX provides a 

. practically ete ecole 
_ sulating coating for 
? VHF and UHF com- 
ponents of every va- 

a riety. Q-MAX pene- 
trates deeply to seal out 
moisture, imparts rig- 
My idity to coil windings 
* and promotes stability 


Produced by 


of electrical circuits. It 
scarcely alters the “Q” 
of R-F windings. 


@ Q-MAX is easy to 


Wexvii LOSS LACQUER apply, dries quickly, 


adheres to practically 


D all materials and has 
Commumucdlton ee Ae , a wide temperature 


range. Write cote Ram Clg 
MARLBORO Ct p — Poy attra 
NT SAE sola AD) 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 365 





CORPORATION 


Engineers and Custom Molders 


123 South Earl Avenue ° Lafayette, Indiana 



























































American Phenelie Corp., 1830 8. 54th Huitemp Wires, Inc., 26 Windsor Ave 
Ave., Chicago 50, Ill. (X) Mineola, N.Y. 


American Steel & Wire Div.. U. 8. Steel Phelps-Dodge Copper Products Corp., Ines 
Corp., Rockefeller Bidg., Cleveland 18 Manufacturing Div., Fort Wayne, Ind. 
Ohio Rockbestos Products Corp., New Haven 4, 

Anaconda Wire and Cable Co., 25 Broad- Conn. 


way, New York 4, N. Y. (ABCTX) Roebling’s Sons Corp,, John A., Sub. of 
Belden Mfg. Co., 4633 W. Van Buren Colorado Fuel & Iron Corp., Trenton 2 


Chicago 44 Ill. (ABTX) N. J 
Cease Brass & Copper Co., Waterbury 20 Rome Cable Corp., Rome, N. Y. 

Conn. (BCX) Sprague Electric Co., 307 Marshall, North 
Continental Wire Corp., Wallingford Adams, Mass 

Conn. (ATX) 


Cornish Wire Co., Inc., 50 Church, New 


York 7, N. Y. (BT) 
A N 8 Coppeent Co., Carol Cable Div., Pawtuckes WIRE, MAGNETIC RECORDINGS. See 
I. Magnetic Recorder Components 


< Wire Corp., Magnet Wire Div 

weer, Wayne 6. Ind. (BT) WIRE, RESISTANCE 

‘ederal Telephone and Radio Co., Div. of , » Wire Div., H. K. Porter Co 
International Telephone and Telegrapt eS te ‘Prospect Park, Ps 


Corp., 100 Kingsland Rd., Clifton, N. J_ Bristol Co., Waterbury 20, Conn. 


(TX) C Wilt 1s., 150 Riverside Ave 
General Cable Corp., 420 Lexington Ave ae Se, 4N i ; 
New York 17, N. Y. Driver-Harris Co., Harrison, N. J. 


General Electric Co., Construction Mate N 371 Elm, Hartford, Conr 
rials Div., Bridgeport 2, Conn. (ABCX) wae ey v. ME. _— F 

a et gies, 26 Windsor Ave 

neola, N » 2? 

Microdot, 1826 Fremont, South Pasadena WIRE CUTTERS and STRIPPERS. Ser 
Calif Strippers, Wire 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. (TX) 

Phelps- Dodge Copper Products Corp., Fort. WIRE CUTTING PLIERS and TWIST 








Modern eleciromechan- Wayne, Ind. (ABCTX) ERS. See Pliers & Cutters, Wire. 
> MemBettas Teotests Corp., New Haven 4 
° . ann. { 
1 vi 
cal devices can be no “Colorado — ~*~: ep » Sub of WIRE MARKING MACHINES See Mark 
better than their precision com- ‘ ing Machines & Devices 
Rome Cable Corp., Rome, N. Y., (BTX) 
ponents. Of these, speed re- ee ectric Co.. Inc., Pawtucket, R. I WIRE STRIPPERS. See Strippers, Wire 
U._8. Rubber Co., Rockefeller Center, New 
ducers and gear heads are York 20, N. ¥. 
Whitney Blake Co., New Haven 14, Conn wiRING DUCTS. See Ducts, Wiring 


among the most important. In- 


WIRING HARNESSES. See Harnesses & 


quiries concerning these or any Re ee etire 


WIRE FORMS. See Springs. Coil «@ 
Flat; Stampings, Metal. 


precision gearing problems are 


WORMS and WORM WHEELS. See Gears 
WIRE, MAGNET & Pinions 
Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 
Anaconda Wire and Cable &., 25 Broad WRENCHES, SOCKET SCREW. See 
way, New York 4, N. Socket Screw Keys & Wrenches, 
Belden Mfg. Co., 4633 w “Van Buren 
Chicago 44, Ill. 
Chase Brass & Copper Co., Waterbury 20 YARNS, BRAIDING and SERVING. See 


Conn. c Fabrics, Insulating 
it) WMAR INSTRUMENT ome Wire Corp., Magnet Wire Div., 
ort ayne 6, Ind. 
CORPORATION | General Cable Corp., 420 Lexington Ave 


expressly invited by Bowmar. 





Manufacturers of speed reducers, gear 
heads and mechanical counters. 


Send tor more detailed information 


New York 17, N. Y. zinc 
2415 PENNSYLVANIA STREET ° FORT WAYNE, INDIANA General Electric Co., Apparatus Sales New Jersey Zine Co., 160 Front, New York 
Div., Schenectady 5, N.Y. 1. am 


PRODUCTS WANTED | 


TO MANUFACTURE AND SELL 


We are well-rated manufacturer with large facilities for all 
types of production (9 modern plants) and nationwide active 
sales-organization. We want additional products to manufac- 
ture and sell, consumer or industrial markets; low, medium or 
high unit-price. Specially but not exclusively interested in elec- 
trical-electronic items. We will complete engineering on new 
inventions. Protection guaranteed on unpatented models or 
ideas. Liberal royalties for right products. 


Write Assistant to President 


LION MANUFACTURING CORPORATION 
2640 Belmont Avenue, Chicago 18, IIlinois 








Leo 
FE 
COILS @ SOLENOIDS @ RELAYS 


WOUND TO YOUR LIGHT AND MINIATURE POWER AND 
SPECIFICATIONS TYPES “a 


HUT 
MUTE || ee 


Send for literature. Prompt quotations upon: 
receipt of your prints and specifications. 


THE FIVE STAR CO., INC. 


PLANTS PLACE, PLANTSVILLE, CONN. 
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20T0200D.P. | 


Te fe SYNGHRON 





SPURS e HELICALS e WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS ® RATCHETS 
CLUSTER GEARS @® RACKS @ INTERNALS ® ODD SHAPES 


— 
OER IN GEARS 





ASS’T SALES MANAGER— 
INSIDE SALES 


Electrical Engineer with successful background 
in quotations and estimates and handling cus- 
tomer relations for leading national manufac- 
turer of special motor and generator sets, con- 
verters, variable frequency and variable speed 
power apparatus. 

Plant in Northern New Jersey. 


Complete resume indicating salary requirement 


to Box 101 


ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20, N. Y. 





RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


van 
NUE a 
eels 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
















For powering timing 
machines, action signs, 
recording thermometers, 
switches, heating and air 
conditioning controls, etc. 
Instant starting, depend- 
able, long-lived. May be 
mounted in any position, 
can be stalled continuous- 
ly without coil damage, 
will operate in tempera- 
ture range of —40° to 
+140° F, 


Guaranteed to pull 8 in. 
oz. at 1 RPM. Available 
with gear reduction units 
to convert any speed. 


For Program Clocks 
Action Signs 

Stoker Controls 
The self-starting Synchron mo- 
tor starts instantly at full speed. 
Lifetime lubrication. External 
shaft driven through friction 
clutch — no chance of damag- 
ing built-in gear train. 1 RPM 
motors give following speeds: 1 
RPM, 1 RPH, IRP12H, 1RP24H. 
Unlimited combinations obtaina- 
ble with other than 1 RPM 





motors. 
Time Recorders 
Time Clocks 

Draft Regulators 






Famous the world over for sus- 
tained accuracy in every kind of 
clock. Perfectly balanced and 
coordinated. Rear, bottom or 
front set, with or without dust- 
proof case. Complete, ready to 
mount, attach hands, and con- 
nect to current. Help reduce 
production costs. Dependable 
and reliable. 


For Clocks up to 26” 
under glass 
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MAIL COUPON FOR ENGINEERING DATA OR CON- 
TACT ONE OF THESE HANSEN REPRESENTATIVES: 


Wesley & Fromm, 5254 W. Madison St., Chicago 

R. H. Winslow & Assoc., 123 E. 37th St., New York 

Electric Motor Engineering, 8255 Beverly Bivd., Los Angeles 48 
Lawrence Sales Co., P. O. Box 13026, Dallas, Texas 

Cable-Hight Co., 1900 Euclid Ave., Cleveland, Ohio 


+ 
HANSEN MANUFACTURING CO., INC., Princeton 3, Ind. 


Send catalog und engineering data to: 
Name 


Firm 


Address 
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Insulating Panel 
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Because Molded Fiber Glass 


has excellent heat insulating 


qualities, and therefore re- 
duces moisture condensation 
. . . because it is resistant 
to corrosion . is light- 
weight, strong, impact resist- 
ant. ..and economical... its 
use for the insulating panel 
of this soft drink dispenser 
is just another example of 
making a product better with 


Molded Fiber Glass. 


Molded Fiber Glass is espe- 
cially adaptable for use in 
electrical and electronic 
equipment because of its 
high dielectric qualities. 


Write for detailed 
information today. 


molded 
Fiber Glass 
company 


World's 
Folge l 5) 

fue Laila a 1g 
of custom 
molded 

fiber glass 
products 





4415 Benefit Ave., Ashtabulc, Ohio 
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they shall not pass! 


A. W. HAYDON PRECISION 


Governed D. C. Motors like the 5600 series insure unfailing per- 
formance of America $ perimeter defenses. They are an integral 
part of ‘““Hogan’s Fence’ — Guided Missiles and Launching Apparatus. 


The 5600 series motor incorporates a 900 beat governor movement 
which corrects the motor speed at the rate of 900 times per minute or 

15 times per second. Corrections are made as ripples in motor speed caused 
by the pulsing of contacts or as phase shifts due to a change in load or voltage. 


Windings are availabie for nominal voltages of 6, 12, and 25 volts D. OSs 
1owever motcis may be operated on higher voltages by means of a voltage 


divider resistor. Output speeds from 900 RPM down to 1 revolution in 2 
hours can be provided. 











5600 Series 
GOVERNED 
D. C. MOTOR 


ee 


SPECIFICATIONS 
1. Voltage range nominal + 
20% at 68°F. 





2. Ambient temp. range minus 
65°F to plus 165 F. —— 
3. Vibration 5-55 cycles per 
sec. with 10g max. accel. 
4. Tolerance on escapement 


ae Rated 30 oz. — in. full load torque at 1 RPM. Torque 
(a) + 0.1% under condition 1 is limited by materials used in gear train to 20 oz. — in. 
(b) + 0.3% under condition 2 intermittent or 5 oz. — in. continuous duty at 1 RPM. 


ic) + 0.5% under condition 3 Special gear trains are available. 


5. Shock — per MIL-E-5272A, 
Proc. 1 (30g for 11ms) 
WHEN TIMING POSES A PROBLEM CONSULT.... 


A.WAHAYDON Gompany 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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Design and Manufacture of Electro-Mechanical Timing Devices 
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T. get further information regarding anything 


which has been published in this issue—editorial 
or advertising pages—readers should use the post- 
age-prepaid postcards provided here. 


Suggestions 
For Use of 
Reader 
Inquiry 
Service 


This service requires the co- 
operation of reader, publisher, 
and manufacturer. Each party 
must do his part if this publisher 
feature is to function to the ad- 
vantage of all concerned. 

The reader should request only 
that data for which he has a 
genuine need, present or poten- 
tial, and should limit himself to a 
reasonable number of requests. 
He should indicate whether the 
mailing of data is to be followed 
by a salesman's call. Cards 
should be legibly and completely 
filled out, either by typewriter or 
by hand printing. 

Within 48 hours after receipt, 
the publisher will promptly pro- 
cess all cards and pass along a 
complete record of inquiries to 
manufacturers. 
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See MASTER for a selection of motor 
drives that you can get nowhere else— 
for specialized power drives unequalled for 
flexibility, compactness and performance. 
See Master for the right horsepower, right 
shaft speed, right mounting features—to 
add salability to your products, efficiency 
to your plant equipment. 


Master components are designed to 
combine in one compact unit to suit your 
needs exactly—all the way up to 400 
H. P. Just ask us for information. 


Motor Ratings. to 400 H.P. All phases, voltages, and fre- 
quencies. 
Motor Types......Squirrel cage, slip ring, synchronous, repulsion- 
start induction, capacitor, direct current. 
Construction ..Open, enclosed, splash-proof, fan-cooled, 
explosion-proof, special purpose. 
Single-speed, multi-speed, and variable speed. 
Installation Horizontal or vertical, with or without flanges 
and other features. 


Power Drive Electric brakes (2 types) —5 types of gear re- 

Features duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 
Dayton 1, Ohio 
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make sure of 


make and break with 


M#A 
ey STEVENS TYPE M 
THERMOSTATS 


STANDARD 


7 Stevens makes the largest line of.bimetal thermostats 
“Oy in the industry. So if i call in Stevens application 
engineers while your product is still in the planning 

stage, they’ll show your designers how to capitalize 

on the cost and delivery advantages of using a regular 

production-line Stevens thermostat to satisfy your 


oltre] Mo -lacelmuile lle Mate eu LES 


For example, Stevens Type M* bimetal disc thermo- 
stats shown are regular production used in such diverse 
products as appliances, fans, electronic and avionic 


devices, thermal timers, and instruments. 
HERMETICALLY atts : 
Engineered for compactness and lightness, they 


give quick make and break . . . close temperature 


control . . . reduce contact arcing . . . assure positive 


On and Off. 


So for better performance 
longer life . . . lower manutacturing 
costs — check with Stevens first. A call 


or letter will bring our representative 


on the double. 


manufaetu ring company, inc. 


STEVENS 


Mansfield, Ohio 
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